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r t . Bragg . "ucf se pol lu t i on
surveys

-••_ "C T__..__ " ,-_.. .. ...... _ ,
This repor t gl yes the resul t s of • noi se-I. p. ct at t ltlldi".l sUrY~y da M

11'1 th~ Fort er.gg/f.yettew11l e , llIC • • ru . It s~o ..~ that to the e) tf~t fto~l

50U rteS li kt .ai rpl~ne~ f1t . n fnergy lCdel l such u th~ Oay/ night aver.ge
seune l@w~ l (D~lJl , 1..pul W' ec tse er se fit s an fnergy ..acel . ne grnwth of
.~~yance l (v,l s In a c~ull lty ..i t h Increases of lou(\ t:ess ecc vr-s silllihrly,,, I. pul se l'Iol se and for .at rc raft and ~l t copters . The grn..t~ of .nnoy. nce
I" • cOlIIIIIunI ty .. tth Incrusts i n the fr~quency of occurrence of ewent s occurs
I" • s1m11.ar ... y for . 11 noises, except that t he tnt egration peri od f ".-
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Block 20 con t i nued.

i.pul st nois t .p~ren tly flt.nds down to ·onc. every fe• .anthS, ' ~~' s
.n"oy.nce . 11 but dies ' .'y for othe r nol ses when t he frequency of occur rence
drops th15 l ow. All ty pes of nct se sources have roughl y t ne same nightt ' ..e
noi se IWn.1ty -- 1 to 10 dB.

C-.fighti ng i s the best aval l.bll' s tand.rd Ilf.sure ; a C-Wfi ghted D~L

(CD NL) wnfch lnc ludes no threshold or impul se cor rect i on f, ctor offers the
bl'St MOdel t o describe conmuni ty response, To est. bli sh an equiv.l ency
bf'tween CONL t evet s uSM to assess I.pulst nef se and A-Wf' lghted ON:.. (AO NL)
leve ls USM t o as sf'SS other noise, it 15 nteesu ry t o find • c~n denOlll i n.­
tor . It Is rec_nded t h. t the percent of the c~unfty "Mghly annoyed" in
a given noise cl im. t e be tha t common denomina tor. Wfth thi s common denomina­
tor, .bou t 6 dB ~st be added to t he nu.tric.l v.l ue of the CDNL l evel .
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COMt'IftI ITY REACTI ON TO IMPULSE
"OISE: 11l 1TIAL ARMY SURVEY

I IlTROOUCTI ON

N0 1 s~ produced by A~y t r, tnl ng ,c t tv/ ties ~ ' s bec~e , maj or concern of
Army pl anners b~c a u s e of t he enc roachment of of f-i nst al l ation ~ou s ing and
( ' t ~er noi se- sensitive 14M uses Into erees subj ect t o ~ 1 9h level s of t rai ni ng
ncf se . Techniul Manual 5-803 -2 prov ides g l.ll de Jj n~s for locat ing noise­
sens i tive 1, nd uses on an Install ,tion and Army Regula t ion 210-20 provides
off- i nst al lation guidance . ~last n01se contour s creat ed usi ng the ~ l a s t ~o 1 se

Predicti on to.put er Progr,. developed by t~e U.S. A~ Const~ti on Eng i neer­
' ng RUNreh Laborato ry (CU ll e-e used to identify areas ...ll1e ll are ee:-pati ble
...1th these l and uses . 1

The National AcadPmy of Science and t he Environmenta l Protect ion Agency
I[PA) have establ is lled a ~et ric -- t~e A- ...e1ghted d ay/nig ~t average sound
'Ievel (ADIlLl - - tha t envfrolllli.'l'l ta l planl'lers can ust' t o eval uat e tht t Heet of
C~ nolst sources s~ h as t raffi c . neig nborhood. and ai rc ra ft nOi se . They
havt ' IsO adopt t d a C-.elg nted O~L (CDllll as ." 1nt el"1. _ asurt for i.pul se
noi se. ~o.evtr , .ort rest arch on f.pul se nolst' i s needed btfore t hfs Int er l.
neasure can be enhanced and val idat ed. Thi s research Is bei ng done by the
A~y. st nce 1.pulst Moist is . a1n ly an A~y probl~, and Incl Udes such sources
<IS annor , ar t il l ery , dl'lllolition, and heH ccpters,

Thfs rt'por t present s t he resul ts of t he first A~y s t udy in to the me. sur ­
~b l e e~ rac ttristics of such I.pulse noise sources; t ht' results wi ll be used
by the llat1on.l Acade.y of Science and the EPA t o -edify , IS needf'd . the ir
~ur re nt in te ri. procf'dures for the asses~n t of i.pulse noise .

1 Y. Pa . l owsk l and L. M. little. The Bl.st 1601se Predi ct ion Progr.. : Usrr
~efert'n c t Mlnual . Interi. Report ( la l N-157ADX01 4QSO (U.S. AMPy Construct ion
Lnglneer ing Research labora tory [CERL] , August 1979) ; Enwlrorwoental Protec­
t i on: Planning i n t ne hoi se Envi rorrnent , Tec ~ n 1c a l Manu.l (1M) 5_1!03_i
(Depar tment Of t he Army [DA], 15 J une~e) ; and Army Regu'l at t on ( AR ) 210­
20 Ma ster Pl anni ng for Army Instal lat ions (DA. 26 J anuary 1976).

2 Infonroabon on l evel ; of [nvfro"'lt'ntll Noise Rt>quhHe t o Protect Publi c
tle.ltl! arid welfare \lIt l! hi Adeqllat E" KirgTii" of "5ifetl. LPA Report 550/9·'4 ­
0G4 ,PB239429 ILnvf ro". tnta1 Protecti on {geney [EFAJ. Marc h 19741; and Guide­
lineS for preparlti Envl rorwlef'U1 llll~e t Su t f'lllt'n t s on NohII' . Ce-i t t et' on
RearlnS. 8tOlCOUS cs , and 8ic.ecfla nc s (t IiXBXI, ADA044381 {to aU onal Audelly
of sct ence , 1977 1.
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Th~ purpose of th is report is t o (I) document the Army ' s fir st dttitud i­
M l survey ...ah respe ct to ImP<l lse noi se I nd (2) to prov ide d,lta ,1nd rec~n­

~a t ;o n s on Modif ic at ions to tnt fnteri. procedures for asses~ent of i~P<ll se

rc t se,

ApprO"Ch

In conj unct lol' ...ah other A....y ,1 M Air Force h boratori l." s having experi ­
ence fn these ,1reas . t he EPA, ,1 nd na t io nally recogniz ed exper t s . , survey
i nstr. ent and test phn W('re developed. Overall , the ph .. ...as to question
t ne s~ g ro~p of respondent s "bout several diffe rent types of noi se . The
1I,lj Or types of noise t nct aeee: blas t noise , heli copt er s, fh ed· ... ing aircraft.
s~reet trafff c, chil dren and pe t S. These fi ve cate gories of noi se were
treated i n paral lel throughout t he Questionnai re . providing a cont ext i n whi ch
c~ni ty response t o i.pulse "nd t ej tc ept er noise coul d be ce-pilred to the
~re nonma l civil ian noise sources whi ch have been the focus of so much previ .
ous st udy and effort. This ...as done to lsol"te si mf lar it1es and di ff erences
bEtwee n mod~l s t o d~scrib~ i~lse nois~ or helicopte r nOise as co-pa red to
mtdels to describe " i rcraft, t raffi c, or nelghbor tlood noise. Moreover , long_
tt~ .elsurements of Ictul l noi se Ind predi cti on s (provided by computer­
gtnerat ed conto ur s ) were used to further study the det"ll s of 1I0deis to
describe co.mvni ty re"ction to i ll p ~ l se noise.

Fort Bragg I nd its surrou ndi ng 11' 1."1 WI S sel ected IS the si te for t he
f irst survey. trlterfl for f ts selec ti on fnclUded tne p~sence of i. pulse
noise , rot"l')'- Ino fhed- ... ing et rcrett , lI"jor ro"d net-.ork s , "r.d " Hected
PO 'll ll t lons of potenti al responOents . The survey ...as Idmf nfstered during t he
SllT*er of l!J78 under cont rec t to ttle Univer sity of Illinois Survey ReselI'CtI
laboratory (SRL). After the surv~y was c~p l ete , CERL began about 5 mont hs of
i nt ensive noi se .on1tor1ng in "nd "round fort Bragg. Oper"ti on"l d"ta were
col l ecte d by Fort Brlgg f or t he I yell' p rec~df ng Ind I yel l' subsequent to the
survey "nd supplfed to C[ RL so th"t ye" r ly "verage noi se-l evel predict ions
could be .,de by c~pute r.

Mode of Tl."(hnology Tr"nsfer

Th~ results of th is study ...fl l i~pact on TM S-803-2, Plann in9--!r~

Noise Envi roment (DA, 15 J u>te 19781.
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2 HISTORICAL BACkGROUND A~ PREDOMl kA NT STUDY ISSUES

E n~iro rwne n t~l noise, Its !ssesSlllent!nd cont rol , lias coecernee cl v11il ecl
~~n for at leas t 2000 year s ~. e~en t ile Romans and Greeks found it necessary
to enact ordi nances prohibiting t he earl y ~orni ng use of cha rio ts i n residen­
t ia l a re ~ s . Tod~y, noise pMO~uced by tran sport~tl on sources cont inues to
~ce l ~e th e gre~test e.phasis i n study ~nd researc h. 3

Ouri~ ~e past 30 yl'~ rs , ..ny att1tudinal ~ r~eys have eeen col'>ducted
WQ rl rtw1de to better understand and assess human and c~un1ty rtsponse to
no1se. Thtse studies , whi ch concent ra te pr1~ar1 ly on ~uta-Ob l l e and t ruck
t raff i c , r~il , and f1ll'd- wfng at rc r! ft nol se , ha~e re sulted In a pro li fe rat ion
of no ise asses sment 1Il0del s . In geneNl , t hese model s , i n one faShion 01"
anot her, t ~ k e in to account t he fol l owi ng:

1. Till' sound l evel of t he no ise events

2. Tile f requency of OC Cllr rencl' of t he noi se events

Tt ese ~ode l s .e~sure sound amp11tUdes 1n lIlan, different ways , 1ncl uding: A­
le~el fa s t , A-l e~ e l slow, Perce i ~ed Noi se leve l , Eff l'ct 1ve Pe r c e i ~ ed Noi se
l evel , To ne-Cor rected Effective Percl'iv l'd Noi se te vet • A-we1ghted sound I' l PO­
sure l e~e l (SEL) , and t one- corrl'ct l'd A-wei ghted SEl.

The effect t h. t numbers of ~01 se e~Pftts ha~e on ca-mun lty reaction ha s
ej se bPf'n t he focus of considerabl e eeeete and disc ussio n. ~ 1II000ls and
r ese~rche rs ha~e suggest ed ~ert i s no rel at fon I t all . At the o~er el t re-e,
-odels Ill~e ~ployed I re lation us i~ ItS tf.es t he log of t he n~ber of
p~ents. ' os t ~del s ha~e settled on a re lation ~ICh use s about 10 ti.es the
log of t ile nUlll ber of e~ ents .

Ti me of day differences are al so ccnt r-over sfet . Some researc hers cont end
t hft t nGist at night i s no more o~ littl~ ~ore of ft probl~ t hftn noi se duri ng
the dfty . Ot hers woul d prohibit al l oot se at night . In gef\eral . JlOdt'l s use a
10·dec1bel (d8) n1ghtti.e pe~,lty . Recept ly, sa.e ~odels suc ~ as tilt' eo..up­
1ty Eoulul ent NOht' leve l haW! fl'corporl tl'd , S· oll e~ Pft 1 ng penal ty. t see
1ppend l ~ ~ for ~ n histori c,l bibliography of noise .adel s. )

Many of the~ . odel s ha~! been used fp t he ~n i ted Sta tes . The Depa rt.ent
of De fens(' (000) and tile Federa l A~ 1at l o n A~1n1str. t 1 0n (FAA) ha~e used the
10000 posi t e noi se r,t1ng (C NR) and t he n01sl' el posure forecast (HEF) to asses s
tt i rcraf t ncfse : t he Federal H1ghway Administration (FHA) and St at e hi ghway
depar tment s h.~e uSl'd t he L10 (the A·wei ght l'd l e~ el e~ceede d 10 percent of t hl'
t l. e) to assess hlghway noHfi ; tile DepartJnt'nt of Tra nspor ta tion (DOT) h, s used
t he l (the .ean ... ·wei ghted h'~el) to fSsess railroad noise ; and the Depart­
nent 6~ Housing and Urban De~el opment (MUD ) h'S ~sed the L33 {the "'-we ighted

]
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leye l exceed~ )) percent of the t ime) as the cr i te rion for hcus i"9 locat ion
with re spect to eotse . In accordance ~lt h t he rE'qui r8lents of the hoh E' Con­
trol Act of 1972, the EPA 's Of f ice of ~i se Abate-ent and Cont rol has bro~ght

a dl.'9ree of order to t hi s chaot ic sit~a ti on. 4 The ADNL ~as c rea t~ to charac­
terize enylro~er.tal noise . Level s were estab l i sh~ by t~e EPA -ntqulsite to
protec t Ilealth and -elh re ..lth an adequa t e margin of saftty .-5 Ir. concer t
..I tn the . aJori ty of models , t he ADNL Is based or. a 10 times the log of tile
nl,ltlber of everts relat ion, aM it fncl UdeS a lO·oB nighttillt penalty . As
indic at ed by its title , 1t uses the A fre quency wei ght i ng and 1ts def1nition
1.pli es the true intl.'9r.tfon of t~ squa re of the A-wrfghted sound pressure .

5c h~l t z has re-analyzed the data fre- 18 of the wor ld..i de .tt itud inal
S\j ~yeys . Table I 115ts t hese surveys and Ffgure I 11 1usttftfS so-e of h15
res ults. Basfcally, reese -orl.:.1 d. rtslilts tend to coll apse onto a slrg1e
curye ~l ch re lates the percent of a c~n1 ty fo~nd to be "highl y annoyed" as
a fun ction of t he DN~. Th1 s concentrati on on the pt rcent of a c~nlty
"high ly annoyed, " rather t han on tne Indlv1dual, has marked . great s tep for­
"a ~d In undersu"ding COlII'lun l ty response t o ret se . Many previ ous researchers
concent rat ed on t te abi lity t o predi ct inolv idual reaction to nof se , These
effo~t s r arely aCh1eyed a cornrl atfon coef f ic ient ..It h noise wh ich exceeded
0. 4. Many theor1es were advanced to explain this poor correlation. Pri­
-.rily. these theories concentra t ed on "int E' rYE'n1"9 variabl E'S" suCh as a
person's at t itudE' towards t he noi se source, wi l 11ngne ss t o cOIIl pl ai n, etc .
Thi s poor correl atio n can readi ly be expl af ned by not i ng t hat the surveys typ­
1cally Cftegori zed respondents into 5 t o 10 dB r ~ n g e s ano had l itt1e. jf any ,
real knowledge of the 1ndoor noi se expo sure or of the respondent ' s 11fe-style .
Concent rat i ng on commun1 ty rather than indi vidual av erages over t hese 1ndivi .
du~l Yar1a t10~ s proY ldes much more meaningful data for t he admtn1strato r and
re9111&to r .

Proc~Oura l ly, the r~po r t of Wor king Group 69 of the Nat 10nal Academy of
SC1ence e<-1ttee on ~ ear1 ng Bloacollsti cs al'ld 8i081t( ~an1cs (CIIABA) hold sy1o­
t,.at izeo t,e use of OhL and the Sc hul t z-~rf ved funct ion for env1ro~nt.l

as ses~nt and land pl~nn1 ng. Tht S repor t .as prepared fer the EPA, whiAh
wil l soo" IsSue a draft of Its propos.d proc~ures based on t ht s report .

Unfort unat ely for t~ A~y , its .ajor noi s. sources dO not readily fit in
tilt cont!'xt of t rc se studied e u..l ng t he past 30 yurs a..o whi ch led to the­
de,elo~nt of the ONL .E'asure . The A~y' s noise cc.es p..i.ar l ly f~ traln­
i nf act iv lt1es .nd fro- weapon syste.s . Nu-~r one on the 11st i s ttlf la rge
iJll:'Il lse noise creat ed by arwor f1re . art11 1ery. and dtlllOllt10n , Also on this

• hoi se Cont rol Act of 1972 , Pub11c Law 92-574. 86 Stat 1234.
S I " fo~atl on on levels of Env ino~.ntal ~ise Re ~1site t o Prot ect Pub11c

fa an e are t an el;)ua e rg n 0 I' y. epc"
CG4 , PB2391Z9 {~pA. ~rc~ 191.1.

6 Theodore J . SChultz, "Synthesis of Soci al Surveys and hotse Annoyance."
Jo urnal of t he Acoustica l Soc iety of hr.erlca , '1'01 . 64 . 10o . 2 (AIlgu5t 19781.
l'P 377· 406 .

7 Fnrd L. Hall and S. Mart i n Taylo r . "The Reliab i l ity of Soc ia l Survey Data on
ho1se Effect," Journal of the Aco ust ic al Society of ~eri c a, Suppl ement 1,
'1'01. 67 (19BO) . p 53] .

8 GuidE- li nes for Pre ar in EnYi rOnlllenta l Tm act Sta tements on Noi se, CHAB A,
1 atl 0na cademy 0 cencI',
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Figure I. Surwary of annoyanct> dat il. f r-~ tilt , ,,r vey' 1 f s t ed In Tabl E' I .
(Reproduced by pp~jsslo" f~ T~eodore J . Sc hul t z. ·Synt hesis
of Social Surveys and ko1 st' Annoyance, " Jour nal of t~

Acoust ic al Soci etl of ~r ; ca . Vol . 64, No. Z [ Augus t 1978 .
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11s t Ire ~k,ts ( pr1. u l1 , SIIIal1 grtl llnd-ttr gl"'llundl, Ml icoptus l t lle Arwy
owns about 80 percent of tn. count ry ' s hel icoptersl, and s-.l l 1 ~5 . Thi s
s t udy prl_aril y cons ider s the l .pul~ nOi se 9~nerl ted by l a ~1' -t. pons.

ItG r ktng Gr oup 69 of CtlABA. notlll!j the probl e. of large a. pl itude illpul se
noise suCh .5 th at generat ed by Army w~A pon 5 , quarr ie s , or sonic booms ,
creat ed i nt erim procedure s for the asse ssment of t his type of nolse ba sed on
1iml t ed data deali ng wi t h sonic booms. These data came pr imar ily f rom t he
C k la h~a Cit y soni c bo~ st Udy.9 EPA adopted these I nteri. procedures and
rec~nded the. by letter to ot~r Feder.l agencies. DOD adopted the se pro­
cedunes i n the i r Air inst . l 'a t lons C~p. t f b le Use Zones (AI( UZ) in s t ruct ion
and In tile Joi nt se .-v lces- Jijnu",l. h own within t ht- X".,y u III 5_803_2. 10
Sl sfc",l ly , th fs fnte r;. procedure uses C -~f ght f "9 rlth~r thin A--efghtfll9,
si nce the C -.~ i g ~t l ~ . as fo~nd by t h~ ca.. l t t ee to be I re ldf ly "'v",i l abl e
standard curve . Mch bH ter fncorporateil t l't- low-f requency sound el1ergies
~hich af fect ed bufldl ng wfbra t fol1 ( si nce bui lding vfbration was the ~a ln

advers e factor i n c~un f ty re sponse to soni C boo-s) . These procedures con­
~fder an f ~pulsive env ironment having a cer t af n CDNL l ew el t o be equivalent i n
communi ty response (percent "highly annoyed" ) as another cOll\lllun' ty hav ing a
rumer lcally equal AONL level re sulting f rom trad it ional noise source s such as
~ f rc r a f t cr vehicl es .

Thfs CDNl procedure was created on an 1r. ter1. bl sfs wi t h t he ful l under.
st . nd1ng of al l p.rt1es co"Cerned ( C ~ASA workfng groups 69 . nd 84 , EPA , and
[()[l). As pe r- t. of thi s undersu nding, CERL is cond uc ti ng several .ttitudl nal
surveys t o develop specifi c data Wh ich woul d bet ter define . nd cl . r i fy c~n·

ity re sponse to llipul Sf noise •

• t o Sonic ~s 1n the Okl . hC*/l Ci t
n er reUtl ons,
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3 DATA O£ W£l OP"€Il'T

CERL needed t hree type s of dat a for its s t udy :
~r~d tct~d noi se contour s ; ard physic ally ~~i tored ,

~ i s c~pter and its associated appendices describ e
cedures used to develop and obtai n these data.

attitudi nal info....ation;
s1te-speci f1c 1nfonaation .
t~e ~a sures and pro-

T~e survey 1nstru.ent ~a s a Questionnaire oevel oped by CE RL and outside
consul ta nt s nati onally and inte rnati onal ly recognized for tne ir e~pert1 se and
e~pe r1ence in this area. T~e quest ionnaire . as revle.ed by t he EP~ Off1ce of
~oise Abatement and Control and 1ndivi dua ls fr om the Air Force Aeromed1 cal
~ eS('d rch Laboratory and t he ;.....y Ae re-ed1ul Research l aboratory. To enheece
tile cross-ca-parabi11ty of CERL's data , the re view group r ec~endPd tha t CERL
adopt the five- level adject ive descript ion scale for annoyance used in Many
ear lier ~eri c an surveys .

Tile survey Ins t ru.ent ~as typical of those prevfously used In tre Un1ted
Stu es and otller Western count ri es . It was a<lll1nh t ered face to face . and
took about 30 ~inutes . The Uni versi ty of Il l inois SRL handled the detail s of
survey a~in istration and sampli ng.

Usi ng the current ly reCo-Bended procedures by the kational Acade.y of
Science and t he EPA. CD~l noi se contours were predicted by computer for t~

blast noh e resul t i ng fr Oll suc h activ it ies as annor and artil lery f ire; ADNL
contours were predict ed for so-! of t~e helicopt er operati ons. Tllese phys ical
predictions of e~terior nofse zones are based on about I year 's operational
dtta . A goal ...s set for the n...ber of quest ionna1res to be c(lhpleted In each
of seven dis t i nc t no ise zone strata , i.e. , four blast no i se st rata, t~ he1­
1copter nol se strata . and one cont rol area . Households ~ith i n each stra t~

-ere randOlhTy s....pled. TM> rtsponllent wftll1n a household ... s selKti'd ran­
doIIly fro- i!IIOng al l tecse in t~ household over 18 yNTS of age. geceuse
the re wer e few ho~s eno lds within the hi ghest blast noi se zone , al ~ost 100 per­
cent of h o ~ seno l d s wi t hi n th i s zone wer e sampled.

T~ study area ..as in t~ vicinity of Fort Bragg. IrIC. Only s-al l tow..s
an~ t he ~odera te· s l ze cf ty of Fayet tevil le (200,000) a~ In the i~d l ate

area . The general noi se c li~a te has e~ i~ted as it Is for many years .

Questionna ire Desi9 n

Two Sll rvey I n~tr__ents were used: t ile Inte rviewer Re port FofWI U RF) and
the Commllni ty Att1tllde s Survey (CASl quest1 0nn.1re. The quest fonna ire was
designed to dete~ine what noises people hear and t ile freQuency and level of
,"r,oya nce. and t o compare vari ous noises . The IRS and CAS were desig ned by
CEFL. Or. Paul Bor sky of Columb ia Uni versi t y. and the Il li nOiS SRL.

The IRf ..as co-pl et ed by t~e 1nte rvi e-er based on his· observations. and
is sho. n i n Appendix 8. Oe~graphic dat a about the respondent and his house­
~ld . hou~e . and ne1 ghborhood were recorded In addition t o the responde n t ' ~

ar tt tcee to..are nohI'.

* The ~a l e pronoun is used througnout th is r epor t t o ref'r t o both genders .
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TIle CAS is Snc.'11 ill A~pepc::h C. It begins by aski ng infonnatloll 011 the
respondent's rating of t~e lIeishborhood, li kes alld disli kes about t~ lIeigh­
~rhocd, and if t~e ~spordent ever considered .oving away. Af t er this gen­
~ral beginning , Qutstions 9 thro~g~ 36 are devoted to noi se areas. Ouestio n 9
was in tended to fi nd out ~ha t noises the ~spondent hears; the in tervle.er . as
tll~ed to pro-pt the rt'spondent by II01s(' source Mate. Quest ion 10 evallM ted
t he freque ncy alld .agn1tude of the 1I0i ses. Quest ion 11 eval ua ted seasonality
~ lId gelle ral anlloyance level of the 1I01ses.

Questi ons 12 th rough 18 add resspd t he f re quency of occurrence and t he
enncya nce lpvel of ncf ses heard for various t imes of m e day; i t et sc este­
blished whethe r t he 1I0ises occurred 011 weekdays or weekends. Questions 20 , 21
~rd 27 eval uated noise i nt erference wi th the respolldent's activi t ies . Ques­
tions 23, 24 , alld 26 dealt ~Ith vibratioll and d~ages caused by nolses. Ques­
t i ons 25 and 26 wert' concerned . i t h fr ight ening or st. r t1i ng IIoises. Question
77 ,sked ~t~r noise interfered .ith acti vities whlch requi re care ,nd con­
centr,tlon. Questions 28 and 29 wtre concerlled w1tn noises t hat disturb the
respondent's (or hls household's] rest and recreation. Question 30 evallMted
~he respondent ' s opinion of how~h could, should, , "d is done . bout II01ses.
Questions 31 and 32 asked about tne respondent's sensi ti vl ty to noises . Ques­
tions 33 and 34 deal t wi th the respolldellt's attitude toward Goverllment IIIsta1­
l at iolls alld asked hi. whether ~e thou9ht he should co-pla i n to th~ about
oct ses, Quest io ll 35 asked if anything had ever been done about nohes . Ques­
tions 37 through 41 were demographic que sti on s .

Sur vty data wtre ~nal yzed by CERl us i ng the Stat lstlc al Pac kagt for the
~1al Scie nces on CDC 6700 COftputers , l oc at t d at tht Naval Ship Rese arc h a~d

Des ign Center. Ca rter Rock, MD an~ at Boei ng Computer Services, Renton, WA.

iII.ple Design

T~e sa.ple populatlon lrcludtd bot~ rural and urb.n residents Of thP fort
~ragg area . The ge09rapMc area COl'ta1"ing U.e survey population wa s divided
Into four CDNl contours of blast noise, and two Dhl contours of heli copt e"
-e tse . (These Init ial contours were based On 1976 data.)

Specific si t e data for blast noi se were col lec ted at:

Inte llsl ty St rat um

70 to75 dB

65 t o 70 dB

SHes

l he t owns of Ashley, AS~lIt, and Mc Cai n (0 11 t he
west boundary of t he i nstal l ' tionl ; t he tra i l er
p. rk near Sout h Sic ily Airfi el d (on the instal l ,tion' s
sout ~ bounc'ary); Pope Ai " Force Bast" al r cor r ldor fl'lO rth­
e. st of t~p 1l1St, l latlon in the Manc~e ster-Ta"k Creek are.) .

The tow~s of Southern Pines, AbPrd~II, Pine Hlll ,
Five Points , and Montrose (west of t he in stal l at ion) ;
Raeford (so ut h of t he instal la tion); t he .est ern por tioll
of the i nst al lati on hcusi"9 area ; and, for hel icopter
noise, the towns of Col lege l akes alld Warrenwood (sout h
of Si"",OIIs Al"fly Airfl eld l ,

"



Intensity ~t r a t~ (Cont ' d) Sites (Cont'll)

60 to 65 liB T~e towns of Pi neh~ r s t and PI~ Bluff lwest of t~

i nst all at lonl : the re- ai nder la~d _aj or ity) of the
i nst al h tlon residenthl , re.; Spri ng Lake ( nort h-east
of the installati on]; and for helicopter rc t se , the
Fayet tev il l e suburbs of Pine Crest Acres and Shaw Htights.

Bel ow 60 ea The ci ty of Fayettevil le (except for Sf'ctlons on
the approach to S i~ns Field l; .nd, near Interst. te
95, the resi Gent1.l areas j ust nor th of East Fayet tevil l e
and t he t own of Ardul usa.

For heli copt er noi se, the si tes were :

~tensi ty St rat um Site

Over 70 ea

65- 70 dB

Port ions of t he t owns of Col lege La kes and Pine
Ridge (east of SI..Ol'l s ArIlY Ai r field \.

Porti ons of ~• • ~e i ghts . ~rth Polnt Vll l age.
Rollingwood. Pin~rest, .arren-ood, anG Pleasant
Acres (sout ~ .nll east of Si.-ons Fie lG).

In addition to t he above • • cont rol st r. tu- .as fo~ consi st i ~g of
h(lusellOlds upGstd to intensi ty levels of less th , n 60 dB leither bhs t or
tIrlicopter no ise l , but l ocat ed ~e.r i "'ajor in tfrs tate hig~..y.

The overa l l al location plan of t he s~ple of 2000 a~d the number of com­
pleted Int ervi ews were :

125 (Z54)
125

215 (Z57)

Ilulltler of
Inte rviews

475 (511)- -

Blast NlIllbe r of Helicopter
~ten sity Inte rviews Int ensity

7C t o 75 ea 450 (486) 65 to 70 dB
65 t o 70 " 450 (SlZ) 65 t o 70 d8
6C t o 65 " 350 (353)
Below 60 " Z75*(Z85} Over 70 ee

1525 1I6361

A total of 2343 persons were contacted and 2147 (9Z percent) were intervie wed.
This ext r.orGlnarily high response r. tf' resulted in 2147 cc.pleted i nterviews .
rl ther than the 2000 planned.

Because the hel icopter strati overl.p was t'IIbeGdP4 in the blas t contour
strata of 60 to 65 dB anG bel~ 60 GB , the intervi ews in the overl ap area were
count ed as par t of t he bl ast sa.ple. Wi th the addi tion of the hel icopter
i nt erv iews, the total sa~ple size of the 60 t o 65 dB bl ast s t r.t uM -a s 475
interviews. while t ~at of t~e 60 dB blast stratum wa s 625 interv iews.

* Incl ude s 50 cont rol intervi ews .
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To select • represe"t.ti~e prob.bility sarple , listings ~re e lt~er

oll tainE'd or pN'p,lN'd of the rll"bfor of llo\,Oseholds .nd U.elr s t reet locat ions in
uch httnsity stra t.. This was done \'osl"1 the Fayettevi ll e city direc tory .
t~lephO lle direc t ories (~ere p~ont co~eragt of ho\,Oseholds was ne.rly co-­
plete) , and actual f ield counti ng of housing units In c~un1 t les where direc ­
t~ry co ~e r a gp . as incompl ete .

~ i t h i n t ~ c h of tht s t ~ r n strata, inter~ie. households wer e selected from
tn e lists accord ing to systemat ic probabi lity sampl ing prGCeourt s. [very nth
h,useho ld . as chostr fra. the populatlon 11 s t1119. begil1nl ng at a rand~ly

se t ect ee starth9 poil1t. The sa..p11119 fra ctloll 111 each s tratl.l" was the rati o
bet~er the t ot al nu-bfor of ~ouseho l d s in the strat. ano the desi red ~~le

sl ze . Owing to tne s-.ll size of the c~un1 tle s -- both in popullti on .nd tn
geographic area -- sa",pling 1" cl ust t rs of houstho ld s wa s not nects sary . This
WIS an advant ' 9t , sinct clus t t r s..pling done t o rtduce tilt cost of data col ­
lection causes a sl ight N'duct10n in the pre£ision of the survey e s t i~a tes as
ceeparec to a noncluste red sample of the same size .

A problem Irose In t he sampling in the 70 t o 75 dB areas. Tilt Pope Ai r
Force Base air corrldor northeas t of Fort Bragg In tile Manchester-Tank Creek
are. wa s cat egori zed as 70 to 75 08 i n U e sillllpling scM.e wtlen it IM S actu­
all y In the 65 to 70 08 area. Thus, there- ere act ually only 139 dwelling
units 111 the 70 t o 75 dB .rea IAshl ey Heights, As'-ont, McCain. alld S.
Sicil y). Thh .rea s ~ oul d have been 100 percent s.pled, ratller t han tile 52
pe~ent rate used .

Furt~er refin~tnt s of the blast contour predic ti ons l bas~ on 1 year ' s
rew dat a) were made afUr the sunty was ccepte tee , t nese predi ctions and the
rumber of re sponoents were:

nectber
lore

63 to 67
58 t o 62
5. t o 57
. 8 t o 53

No cla ss i f ic.t ion
TOTAl

The su r ~ey and analyses resul t s Indic at e
ecee sccf ecrs from tilt high decibe l drtas dnd
totdl sampte should be decreased.

Num ber
Re spondents

72
205...
'",mr

futur e surveys should select
fewer i n tht l ower ones. Thl'

ttonitorl ll9 Data

Se~enteen l ocations In Ind around Fort Br. gg were ~onitored o~er a 5­
~nth pfriod using CERl-deslg ntO , true·l~tegr.t ing ~ 'se-exposurt lt~el
~tttr s . l l One of the ~onltOr si tes waS kept fix ed for the entire 5 -e"tns ; the

llAaron A~er-buc n. I't ar. , True.lnte~ratlng [n~ 1ro"'entdl Noise Monitor and
Sound- Expos ure Me ter , V01umts I f:roug h IV . TR N_4 1/ADA060958 , ADA012oo2,
~bA083 3 2 0 , and AOA083321 rC[Rl Md Y 1978, June 1979, and Mdrch 1980).
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others rot ated back and forth 1n pal rs on a l-~eek SChedule . Different pa1rs
of s1tes swi tc hed on di f ferent days 1n order to spread the workload . Table 2
l fst s the ~~f tor site loca t ions in ..t ric coordfnates. figure 2 sho_s t~

loc.tion of .cnitors with respect to Fo rt 8ragg; i t also sho.s t~ fi~l 1­
)e. r bl . st noise contours and . ajor pepulat lon centers. ~ppendi ~ D descri bes ,
1n det .l l , t he 17 monitor si tes . ~ppend1~ f describes the operati on of the
nllhe 1II0nitll rs .

Blast No1se Contours

Da1 1y operatfon al d.ta ~e re gathered for the ent Ire year fo l1 0~1ng

a~1 n1stration of the survey. The fi rst 5 -o nths d.t. g.ther ing coi nci oed
with the nohe llOnitori ng . In . ddiU on, y1!. rly toUI operat ions we.... tabu­
l,ted for t he year precedi ng ao.in fstrati on of t he survey. Based on these
dat. , contours were constructed for the ye.r preced1ng .o.inls trat1 0n of the
survey and spec1ffc CDNL predfc te d value s _ere developed for each of the 17
eont tc red sites. The predi ct jons at each of the monitored sites were only for
the days dur1ng whict ~onf torlng had been pe rfo~ed aDd accurate d. ta
developed. Thus , as desc r ibed 1n Chapter 6, 1t i s possib le to cc.pare t he
predicted and ~onftoned data and to adj ust t~ to the I-year predi cti on based
on the mon i to ring resul ts . To fom the 1-y£'.r predfctl on for the year preced­
ing adm1nist rat1on of the survey, the operat fonal IIIf ~ of fi ri ng pofnt . nd t ar­
get usage devel oped duri ng the ye. r follow1ng t he survey ~a s adjusted such
H at tl'1e t ota l n..eers of operat ions of dff fere rt weapon types elJjalled t he
valups suppl ied by Fort 6rag9 for the year precedi ng the survey. Ap~ndi~ r
11sts these dif ferent data sources and oescr1b~s ho_ they wt re used to predfct
t~e I-year conto urs for the perfod preced1ng the survey and for the specffl c
l evels predicted . t the 17 monftor sf t es.

Table 2

Monitor Sites 1n Metrf c Coordi na te s

Site Coorll i nates

1 506 ,823
2 490,873
3 606 ,789

• 69s ,800
5 436,894
5 473, 935
7 881,885
8 400,960

• 605,711
10 767,788
11 866 ,797
12 911 ,823
13 81D,889
14 845,91'
15 623 ,952
16 912,901
17 905,885
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4 ~E 6Raw TH OF C~~L~ ITY AN~ OTAN C E ~I T" LOUDNE SS
or EVENTS AND . ITH FRE QUEN CY Of [ VENTS

Models t o descr ibe community re~ct i on to noise h~v e b~n the focus of
stUdy for ~t le~ st the p~st quarter century .12 Common to most of these models
~re three hypothese s:

Hypothesis 1: Cc.unity response tecreeses -ollotolliully ...ith sound
~.p l it ude .

Hypot~e sl s 2: ~n l ty response trc reeses ..ooo tonlc all y .i th freque llCY
of occurrencl'.

~ypothesi s 3: to..unity responsl' t o sourd at night i ncre,)ses vs the s,)-e
so~nd durfllg daytfme .

The Dill mea sure is typi cal of these models. It hypothesizes that 0)
cOllllllunfty reaction gro...s in direct proportion to me gro...t h in SEL, (2) com­
~nlty react ion gro...s i n proporti on to 10 log of the number of events. and (3)
a nfghtti.e (2200 to 0700 hr ) penalty of 10 dB Is ,)pproprhte .I3 Indeed.
Schul t l has sho-..n excel l ellt ,)g~~ent for survey data takell -..orl d...iae ...hen the
pl!rcentag e af "hIghly ~Ilnoyeo~ I'\'sponaellts in a ghf'n noise lDlle is
an. 1YZf'd .14

In _ost Sur vf'yS. respo"dents are s t ratl f le4 by noise lone. alld pl!rcen­
ta ges of responOents ..itnln a ect se zone ere analyzed . Schultz. hOWl'ver. has
Oef lned ~highl y anlloyed" respondents . Accordlllg to hi s aef11l1tlon, "highly
annoyed" respondents were those that chose the top 1-1/ 2 to 2 c~tegori e s on a
ftve-pc tnt scale; the half step ra nge resulted from the specifics of the scale
and ...ord use . Based on thi s . Schul t z d~onstrated a very clear function
rel ating "hfghly annoyed" respondents and the DNL noi se zone .

In th is chapter , CERL 's all,) ly si s t akes an entirel y n~ approach. Ratner
than catego ri ze re spondent s or the bas i s of exter ior no ise ~ne str~ta . C[ RL
cat egori zed ~e. on the b.sl s of their own pe~ept i on of l ouoness and fN'­
Q~ency of occurrence. Th1s approach ...as designed to eli.i n,) t e th e v~riab111ty

i n resul t s of t en found .it~i n a noise zone. This var ia bi lity occur s because
different bul l dlllg const ruc t ion, l ife-styles (i.e •• TYs and radio s Oil or off l .
and ... IMc* and ~ exposures ... Itll re spect to r ather localized noise sources

-;;-<.;::;;;:--;:, ; . , - ~1etras~nta. c-ocedures for ;~~~~~'~~~~'"'
React ions from Al r Base 0
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(i. e. , cftil~ren or st~t tra ffi c , etc .) c~bine to effe<t a ra the r la~e

~ncerta l nty as to t he act ual e~posyre recei ved by any i ndividual respondent ,
( ven t hough the e~ terior noi se lore in an ,re, . ,y be , const , nt .

A second re,son for t his rathe r unconventiona l approach i s the difficulty
(. f indl'p..ndentl y ~na lyz1 n g Hypotheses 1 and 2 wi t h convent io nal methods. Con­
\ention,l anal ysi s techniq~s prl'dlct or ~easure e~terior noise zo~s based on
t-oli t udes of events and frequencies of occurrence . 80t h ,re highly corre­
i et ee witMn any noise lone eececse of t!'>e ptlysiul re, l1t ies of t!'>e s11..a­
tlon . eut 1t 15 tM difftring lift-styles, building constructions , and buil d­
i ng orie"t,tions .nfch allow for tloe differences In actlOl l -ece t vee loudness
lIo nd recetvee freqJt'nc les of occurrence by respondents indoors . Since "easure­
nent of t he receiVed dose of each respondent to each source was wel l beyond
t he resources of this s tUdy. t he n e~t best ..eans to study Hypot heses 1 and 2
w, s to use the respondent's own percepti on of loudne ss and fre oul'ncy of
occurre nce of eveot s •

Al t houg h proof th, t the respondents ,re ,ccur,te noi se mon i tors is Impos­
si bl e ~I tnout actu, l Interior loudness 'I'd frequency me,sure-ents , the
dn.l ysis bel ow indicates that , in gener.l, t he respondents differentiated
bet ween di fferillg aR9l1 tu<les an~ dif fering frl'quencles of eceur-eece , fActu,l
indoor _asuretllents were beyond tte scope of tM s st udy. I

As a part of the survey, respondent s were ,sked t he fol l owing quest ion:
"What ,re some of t hl' di f fe rent kinds of noises you hear around hl're ?" Spon­
~neous answt'rs were recorded. The rl'spondl'nt s Wl're al so prompt t'd with the
fol lowing soun:e s if tbey did not sponU ntously i nd iClte thetl' : artill ery,
str~t t raff ic , airplanes, helicopters, chi l dren l nd dogs.

~ut , tl'1e "'fspordents were asked : "Itow
c~pa red to no,.,l conver sati on?" Ttley coul d
the seee , less , !l'uch less , or ( don' t .bIa.I).
te n choic e and very few respondents chose ft

loud is tile noise frOll 18OlU'"",1
N'spond: _uch lION' , -.ore . about
T~e I don't~J " 5 not l wrf t -

less than 1 percent .

Ne~t , respordents were asked, "How often do you hear ( Bo~e ~f noi~~l?"

They could respond : every day, seVl'rl l rtees l week, several t imes a month,
once eyt'ry few .~nths, or less of t en th~n t hlt. As l bove, they coul d also
N'spond by l dOn't k~} and aglln l ess t han 1 perce nt responded fn ttli s
f. shlon, If a respondent answered every day, he was as ked he. ..ny t i.es.

In the ne~t question . respon~ents were ~sked (by source} a series of
q~estlons whl c~ included: -Do you hear l~ of r.oi sel .ere often during a
cer tli n t ime of year?"; - What season i s t hat?"; " S~ days more than ot hers?";
etc . The t ase par-t of t his question as ked: " In general , t~k in g everything
i nt o consi derat io n. does the noise f rom ( B~l ever bothtr or annoy you?"
The possibl e re spon st' ..as either yes or no. If yes, they were asked:
- Overlll, how annoyed are you by noise fr~ (aouroel? " The possi ble resro nses
were : ed r_ h, very ..ecn, -.odera tely, and slight ly. The - no t at all
N'seonse , wni ch i s the f ifth polnt in t he fi ve-point scale , was given by t he
"1'10 re sponse to the yu/no fil U'r question described eeove ,
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ne analys1$ in t tl is ctlapter .akes ust' of these t nree ~uf'St1ol's w~ictl, in
t'f fect, aSlt'd t~t' respondents (I) tlow lo~ ~e so~ nd appea rs to t~, (2) he­
of ten they percei ve it , a ~d (3) how annoyed they art' overal l . That f nfo~a ·

tion. plus the night t1_e penal ty, art' tht' ge~er~l f led fngnediel' t s i l' ost
I'lC fs e ecdet s , i ncluding tnt' DhL IIOdel.

Sefort' going i nto the general an.lysis, it is ~st'ful to e. ..i re t he
responses t o t hf' ahove quest ions hy "Gise lone art'. . ~i l e the spec i fics of a
noise .Odt'l to dt' sc r l ~e imp~lse noi se .rt the suhj~t of ( "apt t'r 6, ~ of
tht c.t. g1v~ in t t.pter 6 c.n bt' ust d here to ind icatt' tn.t the respondtnts '
ptrceptlon of the frtquency of OCCurrel'ce and loudness of noise events gt n­
eral ly corrt'spond with predic t ion. Flgurt 2 showed predlc t td noise contour s
resulting frOlll impul Sl!' ecrse in me vicinity of the study base . Indicated on
this figure art st veral discreet respondent geog raphic areas . These contours
are in 5-dB increments; the absolute valu es are un important for the eur pose of
this discussion . Tables 3 and 4 give the responses to the "how lo ud and "how
fr equent" quest Ions by geographic area .

These tabl es show that respondent jucg.ents of 10udn@ SS al'd of f reqUt'ncy
of occurre l'ce decrease as ro ise ltyel ltssens and di s tance away frOlll t ht
inst al1 . t10n frc rt'ases. Responses withi n a given lont' are gerera lly
eQ.l1 valell t . lihen tt.e re sper.ses of Fay E to Fay " , Stear Ii' t o Far Ii • • nd ease E
to Rase. are ca.p.~, It can be ~en t hat respon~s In t he Fay Ware. show
no si gl'11f(;lnt dHferer.ces fra. the -esscr ses in tre B.I~ Total area ; th is
ce-~ rfso l' lik es into account th t fact t nat t he Sue Tota l .rea i s fn perhaps
a I dB higher noi se l one Ion .ver.ge}. This shows t h. t dl f fe re~t group s
ob jectively I"t port frequency of ecccreeece aFld 10lodness . thE' d.t. i ll Chapte r
6 i hc. th.t t hese s~e grolops (on .rd of f the Instal lation) s l g r i fj c . ~tl y

diffe r o~ the ir l evel s of annoyance.

T.bles 5 through 9 prfse~t t he basi c d.t. used tr. t his analysis , i .e . ,
bl ast s~urces le.g. , art i lltry} , htli copters, airplants . strtf t t r.ffl c••nd
chi l dren and pl'ts. [dch tabl e has 25 cells. The rows indi catE' the re spon­
dents' asses~ent of the loudness com pa red to norm. l convt r sat fon; the sc. le
ranges from "much more" to "much Ie ss ." The c~l umns Ind ica t e the respondents'
assessment of f rE'quE'ncy of cccvrrence; th is scale ranges from "everyday" to
"tes s often than once E' Very few mon ths. ' Eac h cel l has four numbers whi ch. i n
order , are : tht I'l,lIIlber of re spondents i n that. cel l fndic at i ng the highest
category of annoyance , the n~ber of respol'dent s in tha t ctl l Indicating tht
second highest category of annoyarce, t~e tot.l I'~ber of respondent s 1n that
cell . ard tnt perctntage of re spondent s wi t hi n t nt cel l - highly annoyed" l t llt
sum ~f the ff~st two ndlbers dlv ld~ by the third}.

Figure J gr.phically l1' ustrates tilt data ill T. ble s 5 t hrough 9. It has
fi ve p.rts ( bas~ on th e five ty ptS of roise sources ) ' I'd is broken 11' t o t~e

s.-e nu-ber of response cells as t he t.bles. A solid ci rcle with area propor­
tion. l to t ilt percert ·~i gnl y annoyed' Is i n tac h ct11. Fi gure 3 shc.s tha t
thf annoyance 1ncrtdSes bot h .i th pe rceived a.pli tude and w1t~ perceived f~­

QUfncy of eccurrenee, It also shows , as is known f~ the physic s of sound
prcpagatlon involved . that bla st noi se events occur FlO _ort of ter. thaFl several
per l«.'tk, except. in the are as very near the sources. In these areas , the
events al so t~hib lt the gN!at est loudness . Thi s fl gure also shows that the
C()ll,"unfty respoese to blast nor se continues wtlE' 1' event s occur once every ft w
months , whereas for the other sources , t here is no mea ni ngful community



h bl e 3

Loudness J Ud9ments
Noi se Le~els Compared t o Normal C o n~ersatf o n

Much Ne~er

Area Much Mor e ecre Same Le ss Less Hear
HI GH 37.5 16. 7 18. 1 e.3 0 19 .4

FAY W 14.9 15. 5 12.6 13.8 1.7 40 .2

FAY E 10 .9 15. 8 15. 7 11.5 J.2 42.3

8ASE W 17.1 25.4 12.2 11. 2 3.4 30.7

BASE E 13.2 12. 7 13.2 5. 9 2.9 51.2

BASE TOTAL I S.1 19.0 12. 7 e .5 J .2 41. 0

SOUTH W 17.6 27.0 4.1 6.e 1.4 43. 2

NEAR W 12.0 14. 7 18. 3 19. 5 6.0 29. 1

FAR W 0 7. I 4.8 26. 2 4.8 57. 1

Tabl .. 4

FreQuency of Oc currence

Severa l Severa l Once E~ery Less N e ~ er

Ar ea Every~ Per Week Per Month Few Mo nt hs Of ten Hear- - - -
HIGH 18.1 29.2 25. 0 8.3 0 19. 4

FAY W 5.2 14.9 21.B 14. 4 2.J 40 . 2

FAY E 2.4 13.8 21.5 17. 2 1. 7 42.3

BASE W g.e 25.9 23.9 e.e 1.0 30.7

BASE E 2.9 13. 2 22.4 7.3 1.5 51.2

BASE TOTAL 6. 3 19. 5 23.2 B.O 1. 2 41. 0

SOUTH e. I 21. 6 17. 6 s. i 0 43. 2

NEAR W 2. 0 IJ . 1 27.9 24.7 1.6 29.1

FAR W 0 0 19.0 19 .0 2.4 57.1
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Tabl e 9

Chil dren and Pet Noise s Sur vey Re spons es

--- - - ----
Mu ch
Le ssLessSa me

Loudness'

More
Mu ch

"""r r equency
.__. ._--_.._ - ----- - - -

45 26 109 23 27 141 B 22 132 5 6 66 2 4 26

[65) (J5) (231 O J) (211

o 1 21

lSI181

1 2 40

(18 )-_.__ ._- -- ---- -(36 )

9 12 56 2 9 62J 10 23

( 56 1

~,e ve r al

f'er Week

~ , everal

Per Month
2 0 5

[40 )

1

(22)

, 1 16

ua )
o 0 16

101

00)

101

1 120 0 1Once [ very
Fe... Mo nt hs

o 1 2

(50 ) (l00 ) 10 1

00 4

101

106

( 17)
- -----------

less Often
o 0 0

1- 1

0 1 3 001

(33)

o 1 8

(13 )

o 0 14

101

' The first three numbers in eac h cel l are the numbers e~p ressin9 (1) e ~ treme

annoya nce , (2) very much annoyance , and (3) the tota l number of respond­
ents i n t he cell. The fourth number, i n parenthe se s, ts t he perce nt
"highly annoyed."
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F1 gure 3 . A ptct or tal repre se nt a tton of tbe per-cent "h1ghly annoyed"

as a funct i on of perceived l oudne ss ( compared t o normal
conversat i on) and pe rceIved frequency of occurrence .
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rnponse.t this 10... r.tl' of occurrence. fin Figure 3. cells ...i t h less tt:an
40 total respon~ents have been sho...n .s ~lanl since t~ act ual percentages
with t hese few numbers of respondents are considered highly unrelia~le . For
exenpl e , t he second column i n t he fH t h row of rent e 9 shows one respondent
out of a t ota l of t hree as "hig hly , nnoyed' ~~ a percentage of 33 percent . In
Figure 3, thi s cl'll 1s not shown because t his percentage of 33 i s not can·
s1der-e4 rell'ble . }

Discussion

To bette r e~ami ne t he growth of the "hi ghly annoyed" percentage as a
fUllction of i ncreases in frequency of occurrence, data were aggreg,ted .cron
. 11 hovels of lOudness and across several of the sources. Th. t is, within,
source or across severa l sources, s~s were c.lcul,ted over ,1 1 fi ve l oudness
r.~es yt eldi~ the nuaber of respondents i ndlc,ting e~tre.ely annoyed , very
-uch ,nnoyed, and the t ot ,l nu-ber of respondent s . These calcul at i ons were
perfonaed for ,rt11 le~ alone , for helicopters . l one, for t ra ffi c plus chil ­
dren pl us aircraft, for t raffi c plus children pl us aircraft plus hel icopters ,
and for helicopters pl us t ra ff ic plus .I rc raf t . These groupl~s were chosen
to contras t. ejes t , heli copter , and all other noi se sources . The se data are i n
T'ble 10 .nd illust rated in Figure 4. Based on these data , Table 11 1ndicates
the r. tto of "highly ,nnoyed" fro- one frequency of occurrence to the next
(alit row to the null wltlltn l'ach noise source groupt ng Lsee h ble 101.

I . hble
tages of t hose
noise sources .

10 shows t ll . t for a gh en frequency of occurrence , the percee­
annoyed by blast noise are somewh't la rger than for t he ot her
The othe r nois e sources . re ot herwise s im il ar .

2. Table 11 shows that the first hoo rett o challges for all ot ner noises
45 cor.ll<' red to blast nohe (. nd across ,11 noise sourcesl are sill11.r .

3. The third r, t io c....nge for bla st noise (Table 11) is 1r. 1OC~ larger than
for t he othe r noise sources. Thts i~icates that t he c~ni ty response
integr.ti on period f or blast noi se apparently extends down to ,nd beyo~ ·once
every few,nont hs. '

4. For t he ot her sources, the i ntegration period appea rs to be shorter,
e.tending ~own to occurrences IIOre on t he orl!er of "seve-et per IIOnth."

S. All of t~ sources {i n te~s of c~n i ty ,nnoyance response} drop
away when occurrences drop to less often t~a" -once every few IIOlI ths .-

Wi thi n tne daily groupi ng for frequenty of occur rence, dat a for hel­
icopters, aircraf t , and t ra ffic ~ere examined as a funtt10n of t he number of
ev ents per day . These d, t, wer e d i v i d~d into:

1. One to t OlO occurrences per day

Z. Three to seven occurrences per day

3. Eig ht or 1I0re occurrences per day.
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T ~ bl f' 10

Aggr eg ~ ted D~t~ Over Al l l oudness by ~requency of Occurrence
Percent "Hig hly Annoyed" (Number i n Cell in Perent heses)

H.ll covto ,

•
Troff1 < Tc. fl l< H.l1 coo ter

•
tMld". (illtdr" Tr. Ut<

• • -BhU Hooll , oot.c ~lr".ft ~lnroft ~I ncoft._.-._- _.._- - - _. _---
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""noy.o· for blo,t no1<••, C""'l'..r~ to .thor 9_. t09" Th....ro lo~lcalod by "" .. t .,II' .

Tab'le 11

Ra tio Increa se in Percent "H i ghly Annoyed " With
~n Increase in Perceiv ed Frequency of Occurrence
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Tabl e 12 lists the resu lts of t hi s analysis . Ex~inltlon of t he percen­
tage shi f t In "hi ghl y annoyed" for hel icopt ers pl us alrcr.ft. plus tr.fflc as
e functi on of nu-~er of occurrences s~ws good consist ency bet~en t he d,l ly
end yea rly data.. That Is , the percentaqe ch' 'lge 1n ' ll1 ghl y annoyed" (2a/16 •
1.75l be t wee n one to two occurrences per day and three to seven occurrences
rer day ( I factor of about ' 1n frequency of occurrence) 15 t he samE' as the
r-e rc ent eqe ch ngt ( . bout 1. 701 bet>tf'l'n "sever, I per week" " nd ' severa l per
~nth' (. factor of 4 In freouency of occurrence) .

00M' dh cr ew.ncy . hoWE-w e", OOl'S exfs t , The abso l ut e vallot of t ta> percen­
t . ge "highly . ,noyed" as a function of the n~b.r per day Shifts downwa rd when
«(JlIIpared to tllP data in Table 10 . For u ..ple. th e percE'nU gn In thE' "I to 2
pE'r ~ay' cel l of TablE' 12 are about the S~E' as thE' percE'ntagE's for t he
' several per week" cell in Tablt 10. This seems to 1nd1catE' that thE' growt h
1n annoyanct w1 th frt quency of occurre nct undergoes some type of shi f t when
at t t nt 10n changE'S fro~ lon9 -te~ conslderat 10ns to w1 th i n - a - ~ay cons1 der a­
'rrcns.

BasPd on sevE'r.l s t~~IE's wt1 ch over a s~rt t1.e (.'nutE'S t o ~urs l i n~1­

(a t e a 3-dB growth ratE' for frE'quE'ncy of occ ~r rerc E' . thf'SE' ra tios of percen­
~gE'S can bE' cor~l a tf'd w1t~ the nuMbE'r of occur rellC E' S by cal cul at ing 10 log
:,"ati o of the nt,ME' r of occurrences).IS On this bas1s , ttl!:' ratio of ·SE'vera l
per week- (perhaps th ret ) to -da1ly" (per haps two) ind1c. tes • sh1ft of 6 dB.
Tht ratio of "several per month" to "stvera l pt r week" indl cat ts exactly 6 dB,
"Ind the re tt o of "once every few months" (three or four per yearl to "several
per ",onU" (30 to 40 pe r year l 1nd1catE'S about 10 dB . t nese data iMi catt
that a f~nction on the Order of 3C log ( r. tio of pE'rcentages) corrE'sponds t o
the assUl~d Oeclbrl shift w1t h f reQurncy of occurrrnce In formulat ions suc h as
m .

TeblE' 13 is si.fl<lr 1n COIICE'pt to Table 10 but aVE'r<lgE'S by souren <l nd
:a.D1nati on of sourtrs over frequE'nc1 E's of occurrE'ncE' In ordE'r to ex..lne thE'
growth functi on wl t ll respe ct to loudness. This tablE' 15 construc tE'd for u ch
source ej one, and for children plus tra ff ic compared to blast sources plus
hettccpters plus at-pj anes • lIIesl' two groupi ngs are fonned because U I';r
~ers ~ re sign1fi c.ntly difftrpnt fr~ Olll' . not hl'r. as indic at ed In the
Ub lE'. rtgurl's 5 al\d 6 grapll reese dat•• re spect t vet y.

TaD1E' 14 g1vl's the rat io change 1n "highly .nneyl'd- fro- Of\f' lOudness t o
t ile next wit~;r each 9roupl"9 . Unlike Tab le 6. ~ich r eve. l s t hat t he r .tio
changes ..re about t he sa.. fn. one 501.IrCE' t o anot llE' r (E'XCE' pt for very ln frp ­
quent occurrencE'sl , thE' rat io c~nges . It h lo ucness are dl f fE' rent fro- one
type of source to another. The t rends Indi cat e thft the f h E' sources can be
div1ded Into t he two groups; from Tabl e 6: 0) blast sources , bert ceeeer s ,
"nd a1rplanes; and (2) street tra ff1c, childrl'n and pe t s .

15(. G. ~ i ce . - Invest lgat ion of the Trade-Off (ffE'cts of Aircra f t Noi se and
h~ber ." Journa l of Sound and Vibration, Vol . 52. No . 3 {Jal\u. ry 1977l , pp
325-344; t. t . Rl cr , " O E' v E" o~n t Of t~ulatlve NoisE' Mea sure for t he Pred­
fcti on of Gener al AnnoyancE' in an Aver.ge Popul,tlon,- Journal of Sound and
Vibration. Vol . 52. No . 3 (January 1977). pp 345-364; and s. rl dell. E' t al • •
"The JIOIsIness of 11l1puhhe Sollllds ,- Jo ur nal of the Acoust1c al Society of
Ameri ca . Vol. 48 119701, pp 1304-1310.
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reet e 11

Percent of ResponCents ·~19hly AnnoyeC· by Frequpncy
of Occ urrence

(Num ber 1n Ce l l fn Parentheses )
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Table 13

AggreglteC 04t l Over All Frequenci es of Occurrence by LouCnes$
Percent '1lIgMy Anno)'eC· (Nullber In t ell 1n h ...ntlle~$ J
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Th'~ ere t wo dis t1nct d1ff' ~rKn bet,." n t~n, groUPI : III for. gh,n
10udne1s, there is • lubst. nt1.11y hig~r perc,nt. ge " hig~ly annoyed" by
street t raffi c and chil dren . 1Id pets tn.n by the oUler group of sowces , and
III t he growt h slope of a n ~oya nc, with l oud~e ss is steeper for t he bl.s t plus
. 1rcraft category than for the ot her category . Th. t t s , the percentege
'I\noyed .p). rent ly i ncreases more quic kly for the fonner category t han for t he
la t t er . This resul t -- i. e . • that t he growt h rat e for bla st noi se is equal to
the growth rate for . Irc raft - - i s consistent with e.rlfer st udy resul ts.16

Table 14

Ratio of Increas' in !',rcent " ~tgll1y ,,"nored"
~tth Increase i n Percei~ed l oudness

More t o seee t o less Much l ess
"""ch More """ to S.."e to Less

81ut 2.1 2.2 2.1 0.'

"1rplane 3.2 2.0 '.0 0.3

He11copt er 3. ' 1.0 3.0 0.7

Traffic 1.7 1.9 I.' s.0
ChOdren 1.7 I.' 2.0 0.'

81.st + " i r pla~ 1.' 2.0 3.' 0. '
+ Hellcopt'r

Tr/lfflc + Chil dren 1.' I., I., 1.4

It should be noted t n.t t his sur~ey W/I S prim.rlly designed to under sta nd
bl.st noi se In the context of other .ore t r. di t ional noises (i .e . , "lrcraft
at'd tr.fficl. The . Ircn ft I ~ t he survey area are .ainly propell er.1Id
PI'"C,pjd; th.me " <1$ wery little pure jet ICthity • .-.1$0, with the exception of
11.,1ted locd11ed areas . ~licopters ope r.te well h'y f~ populated areas.
Th~s, the abo.e resu l t should not be const rued to i ndicate t h. t traffic or
chi ldren would be .ere .nnoyi ng near a • • jo r -etropo11ta n airport . Ra ther ,
the growth r. t es dewel oped abo~ e l ncicatp th. t noisier jet . ircr.ft or hel ­
tcopte rs ne~r t o homes would be j udged more .nnoy lng th.n corre spondi ng l ouder
road traffi c . Th/lt 15. the absol ute percenta ges of "hfghly annoyed" and the
growth r . t es are such t hat the curwes for t he two categorie s of sources woul d
cross one anet her.

161'. O. Scno.er , " E~.l uat 1 on of C-~i ghted Ohl for Asses~nt of I.pulse
Nohe ," Jt>urn.tll of the Acoust1ca1 5oC1ft~ .lrrerlca, Yolo 62, ho . 2 (""'gust
19171 , PI' 396-399; . nd P. D. scfiOier , "~h Functlon for It~an Response t o
La Mje-Mplf Wde I.pulse lIohe," Journal of t ile Acoustical SoclE'ty of ~E'rl­

£!.' Yolo f,4. No . 6 (O eC l'1llber 19781. PI' 162 7-163Z .
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Th is .1 50 follOW1 ~he n the results given above . re co- pared to ot her
at tltudll'. l w rveys . If one .a ke s t/'t· ass..ptl on t ll. t tile loudness categori!'s
c. n be used to define O~ l evel s, then the Schul t z curve can be used t o
Glrect ly plot the bla st plus .Ircraft data of Table 13. This .ss~ptlon Is
i ndic at ed as reasonable by the data in Tabl es 3 .nd 4. It i s also i nd ica t ed
t S reasonabl e because the distribut ions of perceived frequency of occurrtnce
~ nd of .c tual nighttime perctntage of occur rence art both similar across tht
st ver. l sources, respectiv ely . Sc hul t z's results sho....ed th.t virtually tvery
. Irc r l f t noise survey ever per formed ....hich could be analyzed in • distinct
fl shlon yielded virtually loentlc.l results, al l of whi ch 1.y pr.ctic.lly . t op
hi s ca.posl t e curve . The posi t ions of .I rcraf t plus bla st percent . ges of
"highly annoyed" .s • function of 10udnns Ire plotted in Fi9ure 1 by ass~ln9

t~.t t~y l fe on the c~posfte slope curve. Thlt 15 , the percentlge "hfghl y
."noyed" fs f irst ~u l tipl i td by 0.55 (si nce 45 percent of respondents reported
th t tlley typlully nevt-r heard the above sccrces! , The ",su1ti"'9 ttee fnd j ­
eat i ng the corrt-sponding ONL zone Is fndlc . t ed on the figure . Thus the four
vE' r tic ll Hn es in Ffgure 1 fn I sense correspond to the four loudness
c.te gorfes : much more, more, same, less .

The tr.fff c plus chll dno n Ind pet dlta art al so plotted on Figure 7,
us j "'9 the assUlllpti on thlt the above pr-ocedure has def fned tile DNL level whi ch
cor rn ponds t o the four nohe level ca tegorin . In thh ease , the d.t. art
~ l t t p1 1fd by 0.39 since 61 percent of respondents reported they never heard
t lln e sccrce s ,

ro ---- U.S. STREET TRAFF IC

sc

0 COMF'OSIT! AIRCRAFTw

~
Z • ~w AIFCRAFT I BLASt DATA<t

~ • "'['II' VEHICLE I Oi~N OA

~
J:.. so

eo

fig ure 7. Compar ison of growt h rates with DNL level for traffi c and aircrlft
noi se. The l fnes are data taken from the Schul t z analysfs of com­
mun ity nofse surveys ; the point s are taken from CERl st udy data.
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Duri ng the l , st , n,lys ls step , the regress ion Cijrve from the survey of
Uni t ed St,tes street tr,ffl c noise ~' s plot ted on Figurt 7.17 Oat, fra. t his
stre,t t raffi c surv,y ,r, part icularly c~p, r'ble to CElL 's ~'ta, since bot h
s~rveys asked si.i lar q~estions ,n~ ijsed the s..e five-po int scalt . Tht
~nlttd St ' tes strett traff ic survey asts , "how anroying ..s the noise i r. your
I\tlgltlorllood oyer tee past ~ar?" TIle fhe n..ee respoese categories were :
I'ot at all , sl fshtly, .edtr'tely , very , ,nd e~trer.ely . T~ls wor~ lng shoul~ be
COlpt red with the prt Sl'll t Sl,;rvey ..Mct! IStS: ~Ovrr,ll , ho" ,Ilnoyed .rt you by
noise frQI ( source}?- The possfble rtsponses .ere extre-ely , very .uch ,
.c>:lerl uly . slightly, , nd not It all (by I sep. r. te fflte,. ouestion l . Figure
7 shows t he clos, cDmptrison of rtsults . Th,t i s , ff thl' lircrlft dltl
deyeloped by CERL are plotted ,g.inst the Shultz curve (-" fc b corresponas -est
clo sely to . Irc raf t sources l, t~en the st reet t ,., f ffc data developed by CERL
fall right along tl1e regression 11ne for p"evious street trlfflc surveys per­
fonaed In the United St .tes whi ch . sked • si.i l . r questi ol'. The straig ht li ne
Is used i n t his fi gure bec,use this Is how t he st reet t r. ff lc ..s presented.
It r.y . lso be th. t the two groups represent curyes whiCh .re shi f ted hori zon­
t.11y frQI one .nother.

One possib le expllnltion for this app.rent dif ferent e i n growth in annoy­
,n~e "Ith loudness for these two c,tegorfes of sources ~ay l fe In people's
eXpt'ctatfons. That fs , people m,y e~pec t ai rc r, f t , hel fcopt er , and bl.s t
no ' se to be l oud ,n d t hus exhfbft l ess ,nnoy,nce "hen t hese sourcts are re la­
tively quiet. But because they expect nl' i ghborhood sources to be guiet , they
exhfbft annoyance at rel atfyely 10" lo udne ss l evels . A second possi ble expl a­
rat i on is t hat "fear" i nc reases as t hese parti cular sources grow l oudpr .
Third. t he bl ast/aI rc raf t group represent dfstinct events , wh i l e the
t raff ic/chIl dren groupfng may represent a more or l ess constant background.

Conc l usions

1. T~e gnowt~ in annoyance (com-unlty respo~sel to al l no1 sts i ncrfases
.cnoton1c.lly bot n with sound a.plttudl' . nd with frequency of eccvreeece,

1. The gro.th of .nnoy. nce ~i th Incre.sing frequency of occurrence fre.
"$fYtl".l Pl'r .Oflth- vp to -<li ll y" Is tt'e s_ across .11 noises. For II last
noise, the i nt egra t for. peried utends down to "cece every few MonthS."

3. tte growth In annoy.nce ..itn increases
so~rctS and can be di.fded fnto two categorfes :
icopters plus af rplares . and lb ) street t,.aff ic
grDwtt' rite is steeper for la) thi n for lbl.

fn aM plituce differs bttween
( al blast noist plus hel­

plus chil dren Ind pets . The

C. A ,.es1 dij.l . nnoyance in se-e s~nt of the IIOFul,tion .ppea rs even
when t~e assessed ...plitude is ~ch ll'sS tn.n norm.l speech, and the frequer.cy
of occurr ence i s less often t h. n -once every few months. - Occaslon. l ly, thi s
rts j d~.l .nnoyance is eyen I t the high .nnoyance l evel .

I JTheodore • • Schultz, "Synthesi s of ~fal Su rveys and Nofse Annoy.ncl' ,"
Jour na l of the Acous tic.l Socfety of Amer ica, Vol . 64, ~o . 1 {August 19781,
pp 311-406.
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, TlME OF DAY NOI SE PENA LTlES

Introducti on

This c h ~ p ter ex ~mi nes t he use of evening ~nd night t ime pen~lties as pa rt
of the assessment of noi se. Prevtc us st udies concer ni ng t hese factor s (cited
belowl concentrated m~ i n ly on f ixed~wi ng aircraft noi se and were done ma i nly
In the vicin ity of maj or commercia l airports (e. g. , lo ndon, lo s Angeles, New
(orK ) , where there are fr equent , lo ud a i rc r~ f t f lyovers .18 However, CERl 's
study w~s not done near any maj or fixed · wing ai rc raf t facil ity . l nsteed , It
concent rat ed on impulse noise, ro tary~wing ai rc ra f t noi se, gE'neral avia ti on
urcren noise (i ncl udi ng a few B-72 7s and C ~ 1 4 1s), urban t raff ic noise , and
neighbo rhood noi se from child ren and pet s .

Earlier studies on l arge , fix ed·wing commerc ia l ai rpor ts have been pe r.
fonned in a var ie ty of ways and have yielded very mixed result s , The fi rst
~eath ro" survey , in lo ndon in 1961, i ndic at ed a 17-dB noi se and nlJ11 ber index
: ~ N ll penalty for ni ght time operat ions . Th is co rrespon1~ to about an ll -dB
penalty i n NEF or CNR and about a IO -dB penalty i n ONl . Fidell and Jones
found no si gni fican t change i n ~8sponse "hen nighttimE' fl ig ht s were greatly
reduced at los Angel es Airport . But , as pointed out by Olle rhE'ad. the nig ht~

ti mE' no i se t hat existed before ni ghttime flight s were elimi nated far
,)utwei ghed the dayti me noi se , even with the addition of a lO-dB nightt ime
penal ty .21 So perhaps no si gnl f1cant response should be expect ed, BOr$KY , i n
.1 study of J . F. Kennedy l nter-ne tt une 'l Airpo rt , h ~ d results somewhe re i n
bet ween th ose of Fi dell and Jones and Ol lerhead, 2l Hi s data indi cate a n i ght ~
t ime pena l ty which can be Shown to be on the or der of 3 to 7 dB.

A second Heathrow study by Ollerhead had rather mixed results .23 His data
indicated about a 5~dB evening pe nal ty and that some ni ghttime penalty shoul d
be imposed during t he peri od when people are try ing to fall asl eep. A more
recent Heathrow study, now i n its prelimi nary st ages , i s concentrating on how
notse Keeps people f rom fa ll ing asleep, waKes thl'll' up, and t he rela tive annoy­
.mce during di ffe rent time periods .14 Ltke BorSKy and mt erneec , th is study

"lSA. Wi l son , Noi se , Fina l Revor t (Comm ittee on the PrObl em of No ise, Command
2056, H, M. stati onery Oft ce, london, 1963) .

19W. J. Ga lloway, Communi ty Noi se Exposure Resulting From Ai rcraft Operati ons,
AMRl TR-7J ~ 106 (O .s . Ai r Force. November 19/4) . ~-

20S. Ftde'l I and G. Jones, "Effects of Cessat ion of late~ Ni 9 ht Fli ghts on an
Ai r por t Communi ty ," Journal of Sound and Vibrati on, Vol 42 , No.4 (19751. pp
411·427.

21J. B. uuerbeeo , "Variation of COITlllunity Response t o Ai rc raft Noi se \l i t h
Ti me of Day, ' Noise Cont rol Enginee ri ng, Vol 11 , No.2 !l97Bl, pp 6B-77 .

?2p. N. Boesky, 'S le ep rnt er ferencl" and J(nnoyance by Aircraft Noi se ," Sound
and Vibrati on (December 19761, pp IB-21 . ------

:~3A.""""iiilso n , Noi se Final Re ~ort (Conrnittee on t he PrObl em of Noi se, Command
1056, H. M. stat ionery Oft ce, london 19631.

24A1 rc raf t Noi se and Sl ee ~ Di sturbance , Not e to Acc ompany a Presentat io n on a
preli minary study ArOUn Heathrow Airport for t he Depa r tment of Trade , Ci vil
Av iation Authority DORA Comm unica t i on 7B15 (Di recto rate of Operati onal
Researc h and Anal y;i s of thl" Chief Scient is t 's Divisi on, 1978 ) .
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finds that the annoyance per event rema in s rel at ivel y const ant during dif­
ferent ttee periods of the day. This study also fi nd s a much lo wer rate of
re por t ed awakl.'n1ngs by respondents as ccecerec to the rates of awakening
predic t ed by various laborato ry stud1es . 25 A 1979 st udy found no nighttime or
evening penalty either on a single event or on an Leo basi s.

Devel oped Dat a

As a part of CERL's survey , respondent s we re asked i f they "ere generally
heme during the day, evenings , or n1g ht on weekdays and/or weekends. The gen­
eral times of 1900. 2200, and 0700 hr were gi ven t o respondent s as guidelines
as t o the ~oundarfes of t hese time lones . Respondent s home during a gi ven
time period were asked if they were bothered by each of t he nofse sources , and
ff 50, ho'" often t hey were bothe red. They could respond: "every day, "
"several trees a ",eek: "several tfmes a month , " "once every fe w months ," or
"less of -ten than that ." They could also respond by (don ' t kn01Jl ; bovever , le ss
than 1 perrent of respondent s repl ied fn thf s fashfon. Respondents ",ho fndf­
cated they we re bot hered ",ere asked how annoyed they "'ere for that time periOd
(f .e . , day, eveni ng, or ni ght ; weekday or week end) . Specf fic al ly . they wer e
askec: "And i n general , tak1ng everythi ng fnto consi derati on, ho", annoyed are
you by noi$e from (source l duri ng the {t ime pePiodl ?" Annoyance was j udged en
a fiv e- po int scal e : extrPlllely , very much, eodeeat efy , slightly, or not at
al l.

In1tf~lly, only ",eekday dat a were analyzed. Respondent s were grouped
accordi ng t~ t he time periods in whi ch they were usually at home . For exam­
pl e, the set of re spondents usual ly at home days, evenings, and nights formed
one group . A second group fncluded respondents usually at home days and
nfghts , but. not evenfngs. A th ird group conta ined respondents at home even­
fngs and nfghts, but no t days. No other groupings ha d enough respondent s to
be statistfc al ly re l ia bl e. The set of respondents at home during all times
formed the basi c set for analysi s; the other 1."'0 groups were used to t est for
df ffe re nces whi ch might exi st between t he response s of peopl e at home during
all three t ime perf ods and of people at home only t wo of the three t imes .

Tabl es 15 t hrough 19 l ist t he basfc data devel oped for t he group of
respondents at home during all three tfme periods. These t ables analyze the
fre quency wi t h ",hich respondents we re annoyed during each time period (i .e.
day, evening , or nfght ). Each cell of each t able l ists the number of respon­
dents r eportfng a given fr equency of annoyance (e.g. every day, several/"'eek,
etc. ) . Each cel l of each table al so cont ai ns the number of respondents ",ithin
t hat cell wno reported "hfgh annoyance" to that frequency of annoyance durfng
that t1111e periOd. (In accordance with Schultz and others, "high annoyance"
"'n define" t o be those respondents choosi ng the top two annoyance responses
out of the f ive-pOi nt scal e described above ; also see Cha pte r 4) .26 Each cell
lists the percentage of respondents that w re ' hi ghly annoyed" out of t he

25J . S, Luc as , et al " Di st urbance of Human
Sfmulat ed So nic Booms , a one
tion (NASA), 19lIl.

26Theodore J. Schultz, "Synthesis of Soc fal Surveys and Noise Annoyance , "
Jo ur na l c,f the Acoustical Society of America , Vol . 64, No.2 (August 1978 ),
pp 377 -406.
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total ~~ber of respo~dents 1n the cel l . For exampl e , in Table IS, 18 rrspon­
dents repor ted being ~n~oyed every d~y duri ng d~ytlme by art illery ~ nd 11
e.pressed hi gh annoyance -- a t otal of 67 per cent of t he 18. At t he bo ttom of
each col~n in e ~ch t able t he nu-ber of respondents are total ed and a new per­
ceMage calcuh t ed. In add1ti oll, tht t ot. l nl,lllber of respOIldenU for day alld
ev~n 1 ng are addt d toget ner and t hi s percenta ge c.l cul at ed.

Tabl e lS (artillery nolstl inclUdes data for . frequency of occur rence of
"on ce t very few months ." The ot her four tables t ermina t e wi t h a fr equency of
cccurrence uf "sever. l per month ." Th is practi ce was foll owed eeceu se 1t had
bel'n s nown :Chapt er 4) th et t he integr.ti on period for hum. n re sponse extf!nds
down to ·o~~e every few ~onths" for bl.st nols t, . Ild bec' use subst.nti,l com­
~n1ty a nnola~ce exis t s even for th1s low f requency of occurrence. For ot her
no ,se ~u rc~s, annoyance effec t ively te~ lnates when occur rences drop ~U<h

bEo ' ow "sever.l cer ~Oflth " (Ch. pter 41.

For cOMp. ri son. tne method out l i ned above w. s used to . nalyze d. t • •bout
re 5pondents at home only dur ing the d.y . nd night and for re spondents at home
only dur i ng the evenillg and Illght . Ag.in the Ilu.bers of re spondent s were
to taled .c ross the var ious poss ible frequenci es of occurrence . Tabl e 20 c~

pa res (by net se source) t tle cl.yt i_e and n1ght t i.. percentages cel cuh t ed for
Mtspondents at home during t he day. eveni ng, and nlgnt .nd for respondents at
no.e only during the d. y and night . Table 21 doe s the s~e for the eveni ng
an1 ni ght t ime per iods for respondents at hORe dur ing t he day, e v e ~i n g , and
ni9ht and for respondent s .t home only duri ng the evening and night . These
table s co-pa re groups of re spondents at home during only two of the t ime
per10ds t o t he group of respondellt s at h~ dur i llg all three ti., periods .
Spoecff1 u lly, for tlch noise secrce , th('y co-pare III the i nc ruse i n "","oy­
arv.:e for the s_e Il~ber of eccur-e eces , . nd [2) tt-e respondents ' percept ion
of t~ n~~.r of occurrences ~i Ch . re bot~erso-e by night . s co-pared to day
or by nig~t . ~ c~~red to f vell1ng (t~e co- par Isons are between t~e percentage
pair for e. ch source - - col um n 4 for number of occur rences and col umn g for
.nn oy.nce) . There is an especially cl ose compari son between t he two groups :
t hOse at hC~e dur ing t~e day. evening. and night; an~ those at ~~e only dur­
i ng the eVE~i ng . Ild ni ght . WhI l e the ca.parl~1l Is no t qui t e as good between
t he group . t he-e oll ly d~r1ng the d.y .nd ni ght as co- pared t o t he group . t
~ dur l "9 the d.y , eveni ng , a"d night , Chf group at h~ only during t~e d'y
and night Is r. ther s-al l (sevtn to 25 per cel li and so a gOOd c~p.ri SOll

should not be e_pec t ed. For t hts reason, the re sults calcula ted f rom the
d~y / ni9httime group dat a are l ess rel i . bl e thall th e results calc ula t ed from
t he t veni ng! n1ghtti. e group data whi ch had 57 to 113 re spondents per cel l .

tn an e. r1ier Ques t io n 1n the survey. re spondent s were aSked: II I how
of ten l i n general ) they heard ( In cont rast t o bei ng bothered) a given ~urce .

(~l how l OUd t hey perceived the source to be, alld (31 how annoyed they were
0\er.l1 . The possi ble ru ponses for frequenci es of occur rence and degrees of
annoyance were as outl i ned above. With in t he three groups of respondent s,
compari son:1 were ili adI' t o the percentages of respondents with in a groupi ng
Indicati ng hlgh .nnoyance for the slIMe f reql.<enc les of occur rence. Every
effort was made to fi nd any type of diffenenc(' either between noi se sourCfS .
eeteeee g,..]~p ings. or ot he,."h e i nd1catl ng var iation fra. one frequency of
occurrence t o anott-er . sinct suc~ vartatioll would Ind ica t e that ttle ~ethoo

u~ed i n Tables 15 throug~ Ig w.s not a v.lld procedure (i.e., .d~l ng t he t otal
numbers of re spondents i n the col um n) . tlo dif fe rences of any Und could be
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dete ...i nf'd. Indfof'd. Hie only h etor whi cll ere appeo.r is tile On(' al~d(ly noted
wh "cn lndfcl tt~ th lt th t bl .st not st grouping needs t o Includ~ t~e f requency
of occurren:t of "once eyery ttw ~onths." Becaust no other (Iitfe~nces of any
klnd could )e discoyered . tlli s analy si s n.s ~ot ~een lncl u(led for t he s. ke of
bre v1:y.

Tnus. I t WdS concluded that II) data coul d be dlstl1 ltd by addi ng tile
nunber of r espondents i n each column las i ndtc at ed abovel, and (21 no si gnif i­
cant di fferences exis t ed i n terms of the responses t o these qut sti ons for
respondent s at home du ring t~e day. evening . and night and for responden ts at
toee only during the day and night or only dur ing t fe evpning and night .

As • fur t her source of d.t. , wppkpnd fPspo n~s were .lso analYled.
~nl1 ke t he weekday d. ta ana lysi s , only t he group co-posed of respondent s nor­
aally at ho-.. d~r l ng ~e day , eyening, and night on weektnds was 1argt enough
to an.lyle and obtai n reliable resul t s . These data and ~sul t s are s~ari ltd

in Table 22. This t all1e a".lYl es t he t~ ree t i_ per iods sej)<1 rately ld.y .
ev!nlng . and night ) and .l so gives the co-bl ned nesults for the d.y/evening
pedod .

Table 23 ' ..r ther Cc.pares t he v.dous respondent groups . It shows H.e
basic percent age of " ~ h1 g hly annoyed" respondent s In tach gro..p for a give"
nets e source category . the group s h e , and t~e rpspanse to the Sll\f' questi ons
by t~e remainder of t he respondents. The d.ta i n thi s tab l e s~ow that, of t he
three wt t kday responst groups. t~e group at homp during t hp day . even1ng , and
night had mo st nearly t~e same response as given by t he respondents overall.
It also shows that tht two o t ~ e r groups (day/ ni ght and eveni ng/night} exhi bi t
sl ightly hi gher re sponSe r at es t han do the day/evening/ni ght group and t he
fPspondents overall . langdon has reported on si~ l l ar resul t s in rese. rch by
Aubru ; th. t i s , greater over.l l annoy~nce for respond~t groups at he-e par t
of t~e day ratller t~a ~ the ~ol e d.y. 7 Respondent s usu.lly . t nome .11 t i_es
on weekend~ . as • group, .1so co-pare f. vorably w i t ~ t he respo~dents over.ll,
but the responses . re sl)lllf'Wll. t hlglwor than for the weekday group. Thus . t hP
groups usually at no.e at all ti_es ei t her dur ing t nt ~k or on . et kends bot h
appe.r to be appropria te groups for use in anal yl lng and quantifying a night ­
tiat or pvpnt ng pen.lty. This resul t s l_plf fies tilt ,na lysis gi ven btlow .
si ~ct only ~spondents nOnl~ l ly at hoaf' d~ys , evenl ~g s , a ~d nights need be
used. By t ~ p above an. lysi s . c~pa rab i l i ty of these groups wit~ t he re spon­
de~ts overal l and wi t h groups at home l ess often i s ind icated.

An.l ysiS

A U_p peri od pen. 1ty can be b.std on the COlnbin. t ion of two possible
fa c to~ :

1. Thp percpnu ge of responde~ts iO'ld lcuing h1 g1'1 annoyance t nc reeses for
a given freq~ ncy of bei ng annoyed during one t i.,. period as co-pa red t o

-erctber ,

l iA . A1 e~ a'der . f. J. l angdon . et al., "The Prob1e. of Measuring t hp Ef fects
of Traffi c Iloi se, " Road Traffi c kohl' (Jo hn Wiley" Sons, Halstead Preu ,
1975}. P 48 .
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Tabl e 12

Compar i son or Res ponses roc Res pondents Ho~ .t All Times 00 Weekends
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2. Fo r ~ gi ven occurrence of ~ ~t n~er of events, respondent s ~re

bot hered by ~ higher percent~ge of t~e~ events d~ring one t l. e period than
dllri~g ~notrlf'r .

A decib el n~er can be ucri~e4 to fac tor 1 by eeans of tile Schul t!
curn ( F 1g u~e 81. For e~oII:lple . wer e t r-e perceritag t" of high .nnoy.nct" to dou­
bl t frc. OM period to the next, the Schultz curve coold Ill' e~_ined and t ile
Gecibel cha19t" l at a givE'ft O~L It''vel l fourd tha t m~s t be pre~nt 1f t he per_
cert of res?Ondt"nts 1ndic at ing hig h anroyance i s doubleo. T~ i s number Is . of
COLrse, a v~r1ab l e depend in~ upon the ~L l evel c ho~n as t he sta rting point.
For t hi s an, lys is. ONL-65 and ~~l-75 were chosen as s t arting poin ts; t he aver ­
agE' 0'" the two rn ul t1 1lC] answers was usee as Ute decibpl n\,lllber. Typically,
t hl're 1$ l en tne n 1/2 cs differf'ncf' bt'h een th ese two vef ue s to eve r eqe , and
so t his averaging lias a small effe ct. Wll ile ust' of tile Schl/ltl Cl/ rve i n th is
fa~h ion t s sompwha t speculative. the actual fact or s c a l c u 1 ~ te d are small (0 to
3 dB l, ! nd f t. Is rul ly the second factor f addressed bl'lo..) wh ich i s the maj or
cont ri bl/ to r t o t ill' pt'nalt1es .

The se-:ond factor can be addre ssed by com p,a ri n9 t he known pllys !cal t re­
qU( ncy of o:currence ratio be tween one tiel' per iod and t ile ot her t o the
repordent- r~ported ratio of t he frequency of annoying events f~ one ti~

periOd t o t ne other . For e~_ple , respondent s may be bothe~ by twice as
uny events during tne day as duri"9 tile night. If . however . tlle re are 10
t 1~s as .any .ctu.l occurrences during the d.y as during the n1gnt, tllen
-espoedents Ion an equal-n~tM> r-of -occurrence b. s1s l are being bothered by
one- f1f t n as .~ny of the available events dur1ng the day as dur1ng the ni gnt .
~ a 10 log bas is. th1s would indic. t e t h. t • penalty of 1 dB .us t be appl ied
to events d~ring the night.

~parlson ( se~ ra tely for weekdays and weekends) of the data dur ing thP
day .nd durl ~g tll~ eve~ing for r e sponde~ts no~al ly at lIorne days , t'veni ngs .
and n1g hts Shows no sign1ficant differ~nc~s b~tWt'en day and evening for e1t her
t he week day or t il t' ~eekend g~up . Tnese data i nd icate tha t t he annoyance rate
deus not cll ange behet'n daytime dnd even1ngs. It may be that events are
not1 ced more durin g tile eveni ng than duri ng the day. th us i ndicati ng an t'ven_
ing penal ty; ho~ever. t llere are no physical dat a t o eitller confi rm or refut t'
th is asse r tion.

In orde r to cenceot rete on j ust a nighttillle p~na lty. tne cc.bi nt'o
respo"~s for dayt lllle and evening I "over.l l" dayti. e ) .ere co-pared to night_
tine for respondt"nts .t h~e d~ring t he d.y . evening. and night ITabl e 24}.
This table uses the Su-Med responses frc. the day and ewenlng group and com­
pere s t h .. to Ue nig htti.e respon ses . It does ind icatt" the exf steece of •
nightti.e pen. lty . First . per occurre nce there is • h ig~r perce ntage of
annoyance during the night than during the day. Second. for. given physic.l
ra t e of occurrence . a higher percent.ge of events are shown to be .cre botller­
~e or an~ying during the night th.n during the day (T.ble 251. The
day/ni ght ratio of bcthers~ events i n Table 25 i s used to show th is result
i n reat e 26.

Tabl e 27 shows tile calcula t io n of t he actual decibel nightt iae penalty.
Thts penal ty is c.lcula ted using t ile Sc hul t z curve and the actual fr~quency of
occurr-ence ratio b('twee~ day and night . For exeepfe , it is known that there
were 6.5 t imes as llIany blast noi se event s during t he day as duri ng tile night .
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Flgur~ 8. T~e Schultz curv~--. sy"th~s t s of the rtsul t s fro- .ttltudl".l
surveys -orldwide (fro- Theodore J . Sc ~ul t l . · Synthesi s of
Soci" Surveys , nd Nolse Annoy.nce: Jour n, l of t he Acoustl c,'
Soci ety of AllIed" , Yolo 64, No. 2 [Augus t [9103, pp 377 -406) .

51



Tabh 24

tonpa rison o t Re spo nses f or Res pondent s Ho~ All Timps {Weekday s vs Week ends }

Number Bot hered Null'!be r .!!1_9J1.1J_-"-"noye_<I. Percent Highly AnnO{ed
lrat1 0 lIa 10

(Day Plus "Ni ght/Day"
Day Pl us Ev e ning ll Day Pl us Da y Pl us (Pl us

$our ce Group EVl'ni ng Ni ght Ni ght Even i ng NI9M h en i n9 Mi ght Eveningl
------- -

CAY 2" 71 2.94 88 4C " " 1. 33
Artillery

'" 30J 130 2.33 '" " 48 49 1.02

----_. _ ._ -------
CAY '" " 4. 26 18 ea .. sa 1.IB

~
Ai r pla nes

~ '" 26C 88 2. 95 ' 28 49 49 se 1. 14
-_. --
CAY m .. 5.29 ID. 26 .. " 1. 21

Heli copters

'" 277 87 UB 161 " sa " 1. 12

- --- --- -- --- -_ . . ._--.--_...

'" ". 49 3. 14 .. es " " 1.01
Tra ffi c

'" J63 ISO 2. 42 m 91 58 61 1.05

- - - - . .._ ----- --
till 1eee n CAY '" 87 1.11 87 58 58 61 1. 16
,,'
Pets '" J2J 183 1.16 188 "' 58 " 1.01- _ ._--.__ ._--
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Howe¥~ r , respo~d~nts reported being bothered by 2.9 as ~any e¥ent s dur i ~9 the
day as durl~g tne ni ght. Th is ratio of 2.2 tnd tcetes a frequency of
occurrence pe~alty Of 3. 5 dB (10 log [2.2] - 3.51. Aga in. for blast noisl' thl'
~rcentage of people "highly annoyed- at night as cOII'pared to d.y tl.e for a
li¥en freque~cy of occurrence ~ a s 1. 33. Using ~e Schultz cur¥e at D~l·65 and
L>Nl · 75 indi cates this to be an a¥er.ge h eto r of .1lllOst 3.5 dB . Addi ng these
two factors equet s ttl' tot.l nightti.e .nnoyantt pen. lty -- 1 dB.

Tabl~ 27

Predicted .nd Menul'ed Noise t evej s by McmitOl'i ng 5it~,........ _.--. -..........-,- _tt..... _.......
~<t.".. ... -, - m_)---

" " ," " ", .. " " " ",
" " " .. ..

• .. .. " .. ",
" " .. " "• " .. .. .. "
" .. .. .. ..

• .. .. " .. ..
• " " .. " ..
" .. .. " .. "u " .. " .. "
" " .. .. " ..
" " " .. .. ".. " .. .. .. ".. n A" .,"'.... " '".. " " " ..
" " .. 1 .,"' . . .. "'"

Compal'1son With Previous Res ul t s

At f i rst gl.nce . t he rl'sul t s giv~n abo¥e 'I'l' s~What at odds ~j th pre¥i.
ous work. However. they lie within a pattern ~h i ch e-erges fro- these other
studies . On one point , . 11 ~e studies .grH: t he 'nMoyl.l'lce pe r bothers~

~ent changes little betWf'@n t he differen t t i. e periods . Thi s -el.ns that
bother~e events which are not iced and occur duri ng the night or e¥enlng are
l i t tl e or no more .nnoying than are bothersOMe e¥ents whi ch are ~ot i ced a~d

occur dur i ng the day.

The second point i s whe~ the t onfusl on . r1 s~s : how often respond~nts

notice and are bo~red by .ircraft flyov~rs .

CERl's results Indlc.te I. substant ial deci bel nlght t l-e pena l ty In an
area where there ar~ i nfrequent nightt ime fl ights . These results are qui te
consi stent with the results of 011er head, who found a relativ ely l arge rate of



dte.turbe nce at night H compared to event nq and day in re spondent groups sub­
jetted to fewer than three ev ents per night . As data are drawn from nearer to
the busy flight tracks . otte rneec shows t hat it t er es about 20 t o 25 events
per night to elic i t greater respon se r ates t ha n he find s wi t h thE' l E' sS than
t hr-ee event s per night group.

This appa rent disc repancy between areas wi t h freq~ent or i nfre que nt
f l ig hts may come about becau se rE's idE'nts i n t he vici ni ty of l argE' commerc ial
ai rpor ts , for wh ich there ar-e no nig httime cont rcj s , either grow used to h1­
]ir,g est eep and sl l'epi ng th rough aircraft f 'iyovers , or choose t o mov e away
fr c,m thl' se noisy nightt iml' areas .

In contra st to spel'ch or comm unicati ons interference (whic h goes from
"very poor" to "very good" within a smal1 decibel range) ertects of noise on
fall ing asl eep and bei ng awakened are shown by l aborat ory studies to occur
ove r a re la tively larger decibel range. Therefor e, whil e- everyone escerf ences
speech i nt erferencE' , only some subset expe-rience-s sl eep interfl'rE'nce-.

As a resu lt , sur veys done near Los Angel es Inter nat i onal Airport , John F.
Ke~ nedy Internati onal Ai rport , or Heat hrow Ai rport show that ppopll' sl E' e- p
t hr'ough the noise at night, do not not ice- i t to a great exte nt , and wakl' up
far l ess fr equently than prl'dictl'd by l aboratory studi l's. As a result, th i s
self-selec ted or self-adapted population does not no ti ce and is not bothered
mot e- fr equently during the night as compa red to during t he day (for an equal
nunlb!'r of avail able events) . In cont rast , i n areas where nightt imE' fi xed-wi ng
aircra ft fl yov er s are i nfrequE' nt , th i s natural sel ecti on and adaptation does
not occur .

CERL found that t he fre quE' ncy of ob servation of bothE'r some E' VE' nts
t nc reases durtng t he night for all f ivE' source cat egori es . Table 25 shows
t hat t h1 s is the l arger of the two components of the t otal t ime per iod
pe nal ty . This fac to r shO ws t hat re spondents f i nd a smal ler percentage of
ava i l able dayti mE' eve- nts t o be bothe rsome compared to the percentage of avail ­
abj e nighttime even t s whi ch are found bctne r-scne . In esse nce, respondent s
not1 ce and are bothered by a higher percent of avail able eVl'nts duri ng t he
night t han duri ng the day. For example , Ta bl e 25 shows t hat t hf' rati o of
not icl'd nightt im e- events re lat i ve t o dayt ime events for he11 copter s during
weekdays is 4.5. This recto- of 4. 5 de finE'S t he compari son bet ween day and
ni ght . If , for E' xamp1e , respondents are bothE'red by one i n every t wo events
at night , then they are bot here-d by one in every nine events during t he day;
the ra t i o of Z t o 9 being 4.5 . On a de-c ib el basi s , the ra ti o of 4.5 Impl i es a
6.5 ea penaHy .

An Alternat e Analys is

CERL has developed a computeri zed eoeet for predi cting CD NL contours
based on t he ope rations at Army i nst all ati ons .2B This program ope rate s 1n a
fa Shi on anal ogous t o ot her no ise cont ouri ng programs, but i s designpd to
im~ le-ment the Nati onal Academy of Sc ience- 's recommended procedures for

~ . Pawlowska and L. Lt t tl e , ThE' Blast Noi se Predicti on Proram :
r.nce Manual, Interim Report N-7s/AoA074050 (CERe. August 1 79].
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~ssessing impulse noise. 29 Basically. the Nat ional Academy of Science pro·
cedure uses C-~eightlng and predi cts a CDNL , includi ng a 10-dB nighttime
penalty. This formulation usps a threshold ~hich discards si ngle event
~ o u n d - e~ po s u re levels that are less than 85 dB duri ng t he daytime and less
chan 75 dB at nlght . As options, contours can be produced for night only or
for day on ly, and the threshold can be adjusted up or do~n .

CERL used this program to anal yze day only and nig ht only data ; t he
chreshol ds were adjusted downward such that all audl ble events ~re incl uded.
- he results showed that the ni ght only contours (with a 10- dB pe nal ty) are
typi cal ly 0 to 2 dB greater than t he day only contours in areas off­
i nst al l at ion where the CDNL value is in t he ra nge of 50 t o 70 dB.

The off- installation impulse noise sur vey data were analyzed by CDNL zone
"nd time period. Table 26 lists these results for t he 60 to 70 dB and the 50
cO 60 dB zo nes. The data are shown (1) separately for week days , weekends , and
ti ll times , and (2) separa tely for dayti me (day pl us eveni ng) , and nighttime.
The daytime dat a were developed by adding t he total responses of t hose respon­
dents indicating that t hey were normally at home dur i ng the day to the total
~o r respondents indi cating that t hey we re normally at home during the evening.
Fo r these same tee time groupings, the numbers of res pondents in each group
i ndicat i ng high annoyance were summed. The percent "highly annoyed" was cal­
cufated from these t\<lO sums . The contour results , however, are based on the
,lYer age day · · a reflection both of weekdays and weekends . To combi ne t he
weekday and weekend data wi t hout t oo heavily wei ghti ng the week end, the wl'ek­
.jay totals were multiplied by 5 and added to the weekend tot al s multiplied by
2. These overal l sums were then used t o again calculate t he percentage of
-espcndents "highly annoyed. " The overal l results show a slig ht increase i n
the perce nt of respondents "highly annoyed" at night as compa red to t he day
for the higher no ise zones; there was no increase for the lo wer noi se zones .
These results are consistent with t he overall analysis gi ven in this chapt er .

Si nce the annoyanc e rate was t he same durIng daytime and nighttime, it
was appropr i ate to ask: "What n1ghttime penalty must be incorporated tntc the
DNL formulation such that the daytime and nighttime cont our s are bot h about
the same in size and shape1" From CERL's contour analysis . i t is clear that a
ni ght t ime penalty on t he order of g dB is required to establish th i s equality
bet~e n daytlme and nighttime . Thus, about the same nighttime penal ty for
Impulse noise was developed as gi ven i n Table 25 and 1ts associated discussion
{ p } •

C:oncl uslons

1. CERL's results clearly demonstrate the existence of a nig httime
penalty (ret at t ve to day plus eveni ng) wh ic h Is on t he order of 7 t o 10 dB .
The annoya nce rate per noticed, bothersome event grows slightly during the
night. For most sources , the frequency of observation of bot hersome events is
the primary factor cont r ibuti ng to t he ni ght t ime penalty.
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2. The innoyanc@rate per not ice<! , both@rsaae , y, nt does not appear t o
cha ng, grratly ~tween day and @v,n l"g. kot ~uc ~ can b, sai d ibout evrni ng
penaltl r s , si ncr t~r ~.ta do not exist whi ch Ci n be an. ly zed to obtiin the
frequency of obsel"Yit ion of bot hersON' rvf'l\ts . Thus , thE' to til penalty , if it
exists , cannot bE' ( E'v,IOpt d or verified fro- thi s ana lysi s,

3. t.~ ri sons .-.ollg thr f h e t ypes of sources fit expectati ons . ThE'
twc, illpulse sources -- artil l ery uld 1M'1I copt ers - ~ u Mbtt the h rgl'H ,
although only sl ightly l erqer , annoyance rate pene'l tt es . For these sources ,
and esprcl ally for arti l l ery , sl eep disrupt ion i s a great er factor than speec h
i nt.erfert nc. , and so, tn e annoyance rate caused by t his factor should be
ex ~.e c t e<l t o rise duri ng th e night . Tht la rger ra tio s for dayt ime events rel e­
the t o nlg"ttille for t he traff ic and Child ren sources indl cate tllat thr se
sourcE'S "blend In" duri ng the day and a~ not iCed MOrt f~quently during tht
othe~sr quit ter nighttime period.

4, Yon Gi er kr and othe rs hive ind icated that the exte r ior background
no ise ltvtl drops by 10 dB or 1I0~ duri ng the ni ght t n 1I0st c~un t ttt s , .nd
t hat reduced . ctiv1ty inside ~es cont r ibutes t o the grlleral 1~ri n9 of
notse Irvels t tlerE' . 3C t nese two f<lctor s cO"blre to lI<l kt htrud lng soul'ds ecre
not1ce<lbl E' . CERl 's rE'sul t s confi ", these s t<ltements . Except for popul<ltlons
Which h,v e ei t her adapted to or 1I0vro a. ay frOll rx tremrly rxcessive night t imr
no 15 r-i m~c t@d envi ronmrn ts. peopl e noti ce i nd are bothered lIIo r@ frequent ly
(for a gi ven number of availablr eventsl during the ni ght than duri ng the day.
This facto r , al ong w1t h a smal l increase i n annoyance per event during t he
n1 9M as compared w1t h during the day, i nd icates an overall nightt ime penalty
on the order of 7 to 10 dB.

A -ord of caut ion 1s In order. Sounds lIay be not iced -ore at night
because the sound propagates better at night and t he recE' iveo sti..ull are
K tually lo uder. To tllis extent . prE'di cttvr -.odeh whl c~ both 1l'1CludlP' a
n 1 ghtt;~f Pfnal ty and . 150 account for r n ~ al'lC ed sound prOp<\gati on at ni ght ..y
actua l ly be "double counting" tte nig ht ti~e Pfnil ty .

3OH. E. vor Gi er ke. "No i se -- How Mucll Is Too Much?- hoi se Cont rol Engineer ­
Ing , Vol. S, Mo . 1 1197SJ, pp 24·34; and "II . A. Rosenbl1gh and K. II . St even,
~al ., ~andDOOk of Acousti c No i se Cont rol , Vol 2, WADe TR-52-204,8 BN (U.S .
l.i r FOrcE', 1953 1.



6 MONITOR I NG R[ SULTS

[xtens1ve 24- hour ~on1 to r 1 ng ..s perfo~ed 1n t ~ e vic1 ni ty of Fort Bragg.
C[ Rl' s nohe . on1 tor1ng e~1~nt was ph ced at 17 sH es ; t~e nlalber of (til­
pt ete 24-llour dlys of IKln1tor1ng u t hese sttes r. nq e<l f rtll four t o 67 .1t ~ lS
be1 ng a typical ¥al lit . (f1gure 9 sho ws nofse COlltoU"S to.. t ile study fo..
the y e... p"ecPd l llg the suney . ) [_tenshe testlrg and tI~c ~ l ng ...as do e to
eli.1I1. te al l but blast noi se f.-c. t~e C-.el ght ed d.ta . Wind ~te..s ~el ped

. Inl. fze t~e effect s of noi se gene t ed by ...i nd at t~e mlc ..ophone; 1.e . • t~e

~nl tors were turned off ~en t ile inds i ncreased . bove about 18 kil Cllet er s
pe.. hour . WhenI've.. the . on itor s ...ent .bove t he preset t~re s llo l d of IDS dB
peak l evel (95 dB .t n1ght1, ' n . n. l og t ape recorde.. and . special dl g1 t .l
time.. ..ere t urned on. If the ..1nd th..esnote s1gn. l cmne on at any ttee du r- t ng
th is t ime pert oe, t he data 1n t hat 6-m1nut e blod ...ere utscereec . If the
th r eshold .... s e. ceeded for more than 2 seconds, then . t echn1c1an 11stened t o
t he . na l og tape t o eete-e tne 1f th e s1gna l wa s causl'd by tenut ses 0" scee
ot her- source such as . n ai rcra f t or ht'l1copter . If .ny ot Mr type of source
coul d bl' d e t ect~ on t he .n.log tape , t llen t h1s 6-. fnut e b l oc~ of dat a was
. lso dh ca rded. Thus . the only dn. Included . as t~It fo.. ...., ich 01 t tIE- ... ind
threshold . ' 5 not tr lggl'red . 121 no ot her source coul d be hel rd ....d/ or t~e

event • • 5 l ess th.... 2 seconds In dur. t 10n.

Figure \I 5110. 5 the genera11zed outl 1ne of the Fort Br.gg study I re•.
Ove"' l 1d on th i s out11ne . ..e pred1 cted CONL conto urs for the year before the
sunty . Also sllo wn I re 15 of the 17 lIIO ni to d ng sHtS ( the ot her h o OI(' re ~a r

.1 rf leld s .nd ..asured only af rc ra ft nolse l . Thf s fi gure . lso fnd ica lt's gen.
er al hed h nd . reas . gl"Ouped by t heir geographic area and noh e rcee• On· Ind
off- Ins ti lla t ion respondent s In t he s~e general area and no1se zone are
grouped separa tely. Table 27 gh es thoe predicted and measured noi se levels by
-ent lor1ng site.

Based on t he dat a in Tabl e 27, Ta ble 28 gi ves the est 1m. t ed CD NL noi se
I t'vel by . ..e. (1nd1c. t ed 1n F1gure \ll for the ye. r preced1 ng the survey.
Thesl' yearl y pred1 ct1 0ns we re a1 tered based on tht' resu1ts of t he mon itoring
st udy. In the high nofse zones, 4 dB ...as addl'd to the contour vejues ,
ref l t ct 1ng t he res ul ts of nearby on- i nst al l . t ion mon ltor tng. It shoul d be
no t ed t hat S1 t t s 1 and 2 lIlt'I sur~d es pec ial ly h1gh because uni t s assl g~d f1r ­
ing points ...1t hfn a kil ometer of these . onl tors Ic tuall y fired fro. v e r~ close
to the -cnltors , causfng tht u t rfWt dep.rture frc:.l predicti on. In t he arel5
to the e. st, t ht moni to red ~sul ts ranged from 11 dB btl o.. prPdict10n to ) dB
above predi ctfon. As gener.1 1ztd ·correc t ion- values, 5 dB has been sub·
t racted fro. prtd1cted vl lues neare r to firi ng point s I~ t o 5 mil es () . 2 to
e . o ki l ODtters] to rearest po1nt ). a~ ) dB has been subtracte d fr o. t ile pred­
1c t 10ns for tile ~re d1st.nt polnts .

For the s1ttS wh ich generlll ~ .e.suned clO St to predict ion i n the e.st ,
t he pred~l nant noise I I I ca.t In one t o several d' ys , each d,y character1 zed
by I peri od of IIlgh eerse caused by focus co'ldit10ns for the sound. In cee­
t TISt• • onl to r s i tes 5, 6, 8. and \I Ito the sout h and wes t ) e~h1 bi ted no such
focus days . As a consequence, T.ble 29 Indicates ••\/Ch h rger difference for
t hese l ocat i on s bet....en the COMput er. pred1cted v.l ue .nd t he es t i••ted value .
It should be noted t hat 1f ~on f to ring h. d been performed i n other se. son s
1.1' • • when ... i nd she.rs Ind inver sions are some...h.t d1 fferfnt •• lO Ud d .~s

ss



Fi gur~ 9. Pr~d1 cttd CDNL co"tours , -o"1tor si tes; . "d pred~i ". "t

r~spondent g~p s i n t~e s tud! .re•.

Tabl e 28

Est 1m. t ed CO~L tl01se level by Art. for reer Be fore Survty

D j f f ~re"C~ f rc. Pr~dl,ttd

,~. "'" Cou"t our (dB)

HIGH ee ••
FAY W •• -.
FAY[ " - l

BASE \r/ ss -.
BASE E 53 -5

BASE TDTAL ss -.
5<JI,," .. - 10

tlEAR \r/ 46 -12

FARl' .. -15
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~19ht al so have been .easured to the sout h and west . "owever , no d~t a eais t
to confi rm or d~ny t hi s assertion.

hb le 29

LouQ~ sS J uag.ents

,,,,,h ~ver

Area Much 140~ ""~ s.~ Len l ess ",..,------- -~- . ._--

HIG" 37. 5 16.71 IB.1 e.l 0 19,4

FAY , 14 .9 15 . 5 12 .6 13 .B 1. 7 40,2

FAY [ 10,9 15.8 IS. 7 11. 5 l .2 42.3

BA:,[ W 17 .1 25. 4 12. 2 11.2 l . ' 30.7

BASE e 13 .2 12.7 13.2 s.• 2.' SI.2

~E TOTAL 15. I 19.0 12. 7 e.s l . 2 41.0

SOUTH 17.6 27.0 • •1 • •e 1. ' 43.2

NEAR II 12.0 14.7 IB.3 19.5 ' .0 29. 1

fA ~ l/ 0 7• I e.a 26.2 4 .8 57 . 1

Measured resul t s f rom CERL's ~on ltor i ng .ere com~ red t o predi cted l ev­
el s (Table 27). for each s i te , predic t ions wer t ~ade only for those days
dur ing whi ch mon itori ng was done. Thi s chapt er analyzes some of tht devia­
tion s between t hose predicted and measured dat a.

The differences between predi ct ton and Measurement seem t o fol l ow a
t rend. Sites I and 2, whi ch we re very clo se t o fi ring poi nt s, lIIf'asured well
above predic tion. Si t es 3 and 4, which were about 1 mile (1.6 kil o-eter s l
fro- the neares t f i r ing poi nt, .easured 2 to 4 dB above predic tion. Si t es to
the eas t (bot h on and off the i nstal la t ion) genera l ly me.sured Sc.ewhat below
er et the predl Ct.Pd l evel ; . nd sites t o the sout h .nd west _nured f. r below
the p~df cted levels.

The very hl gh readi ng s ,t Si tes 1 and 2 are beli ev ed t o have been c a ~ s ed

by Md r i ne uni t s -"'iCh f i~ fr c. ot her than the l ocati on s they listed. L, rge
p"rcent age erro rs i n 'IlIall dh tallCfS , , nd fi ri ng polnt s clo ser tl"n 300
mete rs to mont tor s , .re beyond t~e scope of CE RL 's co-puter i zed predict ion
progrillll. In t hp fut ure, It is rec_ nded thol t IIOnltorfng be done further
f r~ firf ng poi nt s because not hi n9 can be lpa rned when t hese dif ferellCes do
occur and no residellCeS or ot her sensf t l ve l and uses are near these on­
Ins tall ati on monf torl ng t ocat tcns,

"



st t es 3 aM 4 generall y agree wl'11 with predictions ; ttll' slight trcreese
in the -eas~red val ues over prl'diction may well be caused ~y the predominant
wfl'l<l di rect ion. ...Mch 11'1 tltt' Fort Brl99 art'a is Ollt of tilt' nortil or
northeast.

The mon i to r locations to th l' ea ~t . both on I nd off the instal lation.
general ly opt'ratf'd Ind recorded the dlta as predic ted. That Is , for those
si tes which ag~ wft~ predict10n. ~st of t he sound energy c~s dll ring 1 to
2 nours over a few dlYS Mnen focus condi t ions exis~ t hat would cause high
noise l evel s . Duri ng ot her t1~es , t he monitors mea sured lI~h l ower noise
level s. Thl'sl' results are in accordance wi t h the sta t isti cal nature of sound
proplgation resul ting f ra. tt,e ext reme variat ions ca used by weather condi ­
ti ons. The sites to the ust ..r ich lNasured w ll below predicti on IS to 10
dB I apparer tly did so largely because t he ~nltor1ng WI S not perform~ for I
1 0~g enoug' time -- even t hough 5 mont hs was spent at t his effort. For ex..­
ph , the or-insta l lat ion cOllll1 unHy res ponse in the Base Ware 15 milch
greater then i n the Base E area -- and the com puter pred1c ted about 3 dB more
noise -- but the _asured levels at SHe 13 (Base WI are I dB bel ow the meas­
urtd I t''<' el at SHe 14 (Bf.se E). Si.n, rly . Site 10 .usurt's l ess than Si te
11 . and SHe 7 eeas ures Il~h less than Si te Hi .

Gi ven that (1) t he nl'gat i vl' atti t udes towards the noi sl' env1ronment
decrease w'ttl dis tance f~ the Ins t al lati on and 12l the prediction l evel s
decre.sl' wi t h d1stlnce f tOll t he 1nstlll lt1on. one hypot hesi s to exp11i n the se
reversals 1s ~. t the number of days lIoni to red 15 i nsuffic ient Ind tha t t hese
~Isured val ill'S are actually cor rect w1thin stl t l stical confidence bounds
""" i ch can be attached to them . CERL 15 studying temporal sampli ng requtre­
~nts for noi se monitori ng and tile temporal sampling requi r~ents dictated
~lely by operati o~l var i lti ons. o~ • day- t o-Gay b,si s . using t~e dati
dt"<'e10ped It Fort Brl gg ( sel! Appendh Fl. Prl!11.1~ry analysh of dati glth­
ereG in t~ vic inity of airports Indicat e th, t for airpo rts. 30 to 60 days of
cont1nuous mon i t or ing arl! required t o develop dl t. whi ch l it wi t h1n +2 t o -3
dll of me true yelrly DNL value with a 95 percent ccnet eence, If bl ast dau
are bice IS var ia ble as aircraft d.tl . then 4 to 8 ..nths wo ul d be reQuired
for bl l st dati mt'asllred to t he s~ t olerance I nd confidence.

One Must note th l t Dkl i s basic l ll y an energy _easure. The +2 t o -3 dB
in d1cated above is + SO per cent in energy . A next 10Wf' r level , SlY + 75 per­
cent. i.pl les +2.51:0 -6 dB; and +90 percent i n I!nergy iMpl ies about-+3 to
-10 dB. IhllS , ~i l e t he confld~e band in t he energy da.a l n ch,nges only a
little. t~e r a"ge In eect bets changes grea tl y. The data in Table 27 fi t t hiS
trend __ ~nly one sta t ion _e.sured 3 dB above predi ct ion. but sevt'ral meas ­
ured to dE, or more below pr-edtc tt on. The only conclusion whi ch can be
relched at t hi s t ime i s t hat fut ure lIoni tor1ng should be pe rformed at fi xed
locltions over l ong periodS of t illt'; preferably 6 mont hs to I year. The IlOn­
itors should not be rotated on I weekly or any ot her blS1s , and should not be
u tre.ely clo se to firi ng po1 f'; ts.

The ,,,f as t o the west of t he in stal lation generally ml'asured well below
rrediction, but unll. e data f tOll t he east ern direct i on. t he c~nity

response .,150 indicates less problell than 15 pred1ct t'd f rOll j ust the COMpUter
contours . Unlne d. ta frOlll tl'1e elSt . no Moni toring loc ations in t he west
ever ..elS ured Mgh noise l evels . reese results Stell to i "dlcate that focus
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condi t ions In the Fort Br ' 9g , rf' ,rt -orf c~on to tht t ,st th.n to t~

ees t ,

To t hf scu t~ Of tht l nst,ll, tlon. thtrt -as only ont _onl to r .nd only a
rt l ,tivtl y s-, 11 nUftber of ca.pl t t td QUfstic"n,irts 1751 . Thf ca.puttr-
p..t dfctfd hnl$ art hi rly high. th t c~n1ty rnponst is vfry high ,lid rne
-" surtd l tv tl s ,rt vtry low . Th i s dat , potnt r~,tns s~,t • •ysttry .
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7 A MODEL -0 DESCRIBE COHMLNITY
RESPO hSE TO IMPULSE NOiSE

Ch.pter 4 eescrt eee hoW COft'lu" Hy .nllO)'ance gnlwS is t~ a.plltUde of
e~E "ts and fre~ue ncy of occur rerce of e~ents i nc rease . Chapter 5 considered
thE e~jste n(e of a quanti t atl ve value for nlghtt lMe al'd evening penal t les .
This chapter cOl'cel't rates on exami l'l 1'g var iou s models to descri be commuI' l ty
re sponse to tmpu'l se ncfse as a tunctf cn of t he ncf se predic ted by that model.
This c hapte~ also desc ribes al'd al'al yzes the type of actl vity dis ruption
ca~sed by impulse "oise as compared to ot her forms of noise. This is done
because ove~a l 1 a"llOyance to nolse has often been genera ted as an l ndex based
on the vari ous forms of act iv i ty disrupti on.

th,pt er " resul ts s ho~d t hat the cc.rtu"Hy response to i.pulse noise ,
wn~ n judged by t he respondent ' s perce ption of loud"t'ss , gnlwS 1" , fashl 0n
ld ~I'tlcal t~ the gnlwth ln c~unlty res ponse t o lncreases in flxed- or
rotary-wi ng aircraft no lsl". This sa.e analysls showe-(! th,t the c~lIll ty

response to blast IlOlse grows ~lt h f requency of occurrence of events Idell t l­
cally t o t h! Increases In cGlll'unHy response with Inc rease t n freque- ncy of
occurrence ~f f lxed- and rot ary-wi ng alrcraft , t ra ffi c. or nei ghborhood
"Olse s. Th~ t anal ys1s indi cated tnat there Is no threshol d bel ow whl ch
Impulse I'olses should be dl sca rded as u"l mportal't; howpver , t he present
Nat ional Ac ~ demy of Sctence reccereneettcns tncc rporet e such a lower li mH.

These res ul ts sel.'lll to i ndicate that if thl" I'qual energy hypothesis f nccr­
porated In t hl" ADNL fIOdel for ai rc raf t noi se is app~prlate, t hl'n the sa.e
fIOdel struc t ure i s also approprfa te for i_ pulse noise . However. it may be
that t he res pondent s ' ju~"t of loudness does not correlate direc tly w1t~

the phystc.l stimuli for bl,st IlOtse 1" the s~ f,shlon 's I t does for a1r­
cr;lft netse , Therefore, the fol10-ln9 , n,lys15 explores diffe rent threshcld
levels , nd t he poSSibility of t he existel'ce of ,n fcpulse correction flcto r ,
Stncf other researchers nave sU9gested the f xist ellCe of such a facto r. 1

As descr ibed in Chaptfr 4. rfspondents were askf d to j Udge the loudness
of t nt> noise. t he overall fr~ qul'''cy of occurrence of t hf noi Sf. ' nd t hei r
ov~rall anl'0Y'I'ce t o the noise ( for th ose respondent s over hear ing the noisel .
Th~ sl' quest ions were ,sked for the fhe s epa ra t~ categorfes: impulse noise ,
ro'tary -wfl'g ai rcraft, f ixed-wing aircraft , veht ctes , chil drl'n and pet s . This
parallel presentat ion provldes a conte xt ln whi ch t o e~ amfne impulse noi se.
Ta~ l e s 29 , 3D , and 31 summar l ze the re sponses (by , re a) for impul se noise.

The d, t a In Tables 29 and 30 snow tha t both j udged loudness and frequency
of occurrerce decrease as o"e gets fur the r f rom the lnstal l, t 1on . (oepart,
for e._ph, Fay E with Fay II , sese E with Ba se II . or Moe ar II wa h F, r W.
Morecvf r , the responses f rOll the Base Total area cOllpare f,vor'bly wl t h the
responses trOll t he F,y II ,rea. The respcnse s ill the Base To tal area are
S1l9htly higher, and ,ccordlng to F1gurf 9, should be st ece U'e Base Total
are, lies In a sl ightly higher noise ZOIle . The level of responses froe the
Sout h , nd lIear ii areas (U cceeeeee to ot her a-e esl W('IIIS to i"d ica te t hat the

~, NA~;A CR·1636 (NASA August 1970].
3I~ . O. Kryter, Posslbl e Modlfi c,ti ons t o t he C. l cu1 .tlol's of PerCfived Nofs f-
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nont tc red date (Ta bles 27 ~n d 28) are low in t hese areas . Gi ven t hl' in termit-
ten t n ~ tu rl' of e n h~ nced propag~tion of blast no i se, which varies wi t h weather
t nd se~so n , it is possibl e t h~t more ext ensive mon itor ing woul d h~ve indicated
!.Ubs t ~ ntia l l y di fferent measured l evel s .

Tabl e 30

Frequency of Occurrence

Seve r ~ l Sever al Once Every Less NevE.' r
Area Ev eryday Per WeE.'k Per ~nth Few Mo nths Often Hear

-----

HIGH 18.1 29.2 25 .0 8.3 a 19 .4

FAY W 5.2 14. 9 21.8 14.4 2.3 40. 2

FAY E 2.' 13.B 21.5 17.2 1.7 42.3

BASE W 9.8 25.9 23.9 8.8 1.0 30.7

BASE E 2.9 13.2 22.4 1.3 1.5 51.2

BASE TOTAL 6.3 19. 5 23 .2 8.0 1.2 41.0

SOUTH 8.1 21. 6 17.6 8.1 a 43.2

NEAR W 2. 0 13 .1 27 .9 24.7 1.6 29.1

FAR W a a 19.0 19 .0 2. ' 57 .1

Tabl e 31 shows t he s ~me t rends SE.'e n in Tables 29 ~ n d 3D, except for on­
-nst au et .toe respon ses . On t he i nst al lat i on, the annoyance l evel s are sm~l ler

t h~ n off t he t nstel Lat t on, In parti cular , in t he Base to te t area , the top
~hree c ~ tego ri es in T~bl e s 29 and 30 are greater than for t he Fay Warea (and
l:he noise i s estimated in Table 28 to be slightly greater). However , the t op
t hree categories i n Tabl e 31 show that the overall annoyance in Base Total
~rea l i es below that of the Fay War ea l evel. Since the top t wo categories ,
"extr-eee" and · very much," ar e- used to form t hE.' hig h annoyance indica tor , t his
(:hange , B vs 13 perce nt , is found to be signi f ic ant at the 0.05 le vel.

This di fferen ce i s perhaps re- lated to t he expec tations of respondents.
On t he i nst al lation the-y expec t to hear bla st noise, but off it they expect to
' e ~ v e th ei r work behind. This Is especial ly t rue si nce 43 pe rce-nt of off­
' n s t ~ l l a t i o n r espondent househol ds have at l east one member working for t he
I ~vernme-nt ( thi s percentage does not i nclude retired per son nel ) . Because of
~he s i g nific~nt shi f t i n on-install at i on j udgment re spon ses for a n noy~ nce as
conpered t o off-i nst al la ti on j udgment respon ses, only off-ins talla tion
respo nses are used for most of t he fi nal analy si s .

In additi on t o the questions deal ing wi t h l oudness , freq uency of
uccvrre nce, and cveeeu annoyance , Question 34 asks : "Do you t hi nk people
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Tabl e )I

Ovr ..all An noyanc e

He ve r
.~. b t r""e Very Much Moderate Sl i ght Not at '" Hea..

-------- ---

HIGH 16.1 12. 5 23. 6 11. 1 15.3 19 .4

f AY If s.a '.0 ,., ' .6 3 1.6 40 .6

fA V E 3. ' .., ' . 7 ' .6 34. 1 42 . 5

£lASE , ,., ... 10 .7 7.3 39.5 30 .7

BASE E 7.' 7.' '.8 7.3 25 . 9 51. 7

IlASE TOTAl ' .1 • •1 9. 8 7.3 32.7 4 1. 2

SOUTH '. 1 10.8 14.9 '. 1 14 .9 43. 2

NEAll \I 3.1 3.6 6. ' 10 . 4 46 . 6 29. J

f AR W 0 0 .., 11. 9 26. 2 57. 1

Tabl e 32

Perc e nt Hig hl y An noyed; T~ose WhO r~l They Shoul d vs
Shou'ld Not t oept et n Ab out Nol se f ..om Gove..~en t f ac il i t i es

lli ghly 1119h1y, Annoye d An noye d Ove ral l Adj usted
Grou p Shoul d (Should [Shou ld Iklt H'ghl y Hi ghl y

... ..". Sht' Complal n Co.pla in l ('*Ph l nl An"Oyt'd A"noyt'd
----

NIGH " " 4S . 9 14. 3 30. 6 33. 9

FA ~ W 174 60 20.0 7.' 13.2 t3 .S

fAY E '" 61 11.8 1.' ,.. ,..
BASE \I 7" .. 15. 3 ,., 1l.8 11.6

Il ..SE E 704 " 7.1 0 .., ..,
BAS E TOTAl sea 66 lJ . 1 7. ' ' .7 ' .0

SO UTH 74 " 28 .0 0 18. 9 17 .4

'ft: AR II 1SI " ' .3 ,., 6.' 7. 1

r~1l: II " sa 0 0 0 0
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around he~ ought to c~plain about the noi se f~ Govern-~t faci l iti es or
opt r' tl ons if they find it annoying?· T~ possible answe rs we re ·yes· or
"no .· Table Jl s~.s, by ,rea : III the group silt , (11 He ~rcenUge of th , t
group ,nswering Que st ion J4 in the ,ffll'1lathe. ,nd 13 1 t ile pE'rcent fndic ati ng
overall high annoya nce I I .e •• .no responded ei ther ·extre-ely· or "very ~h·

to the over,l l annoyance question deal ing . ith arti l lery noise) as a function
of . he thoer Question J4 . as answered aff1l111 athely or negativt'l y. Tht'se
rt'sults show that . het her t ilt' respondent thi nk s he ought to c~pl a in strongly
Infl uences his judgment on oVt'rall annoya nce . The ratios sho wn in this table
are about a factor of 4 between t hese t wo groups .

Table Jl al so gives the overall percent "hi ghly annoyed" wit hi n each area
for tht' "yes" and "no" responses ca-blned. and the overa l l percent "highly
annoyed" whi ch lIIOu ld have resul ted for each group i f 61 jerceet of each group
had answered Question 34 In the affi",ative . Thi s . llows for bt't t t' r co-par l­
son between t he different areas , s i nce t~ responses in t~ high an'a a,.. oth ­
er.rtse probably about 10 ~rcent low. Al so. this 61 pe rcent figure fs -e~ or
l ess cons i stent . i t h the soni C boo- stUdies In ~la~ Cl ty , when' about 65
percent of respondents overal l thought they should ~o-p l . i n about Goyer~n t

facilities and JS pt'rtt'nt thought they should not . 3Z The Ok l a h~ Ci ty study .
of course , did not use data f ro- respondents who thought thoey should not cc.­
pla in ; it only used d"t" fro- those who t ho ugllt they should c<*plaln ~1ts
overal l calc ul at ions and results . CERl conside red the 62 per cent cam-on
denominator arrangement In Table JZ a more reasonable represent at ion of t he
overall community .

Act ivity interference Data

A porti on of the Ques t ionnai re conta ined 10 Questions relating t o
activity interfen'nce and other factors thought to contribute to annoyance .
Thes.. ques t io ns ...re :

1. Does noise ever -. ke you up or prevent you fr~ fal ling asl eep?

1. Does noi se ever in terfere with your l i s t t'ning to radi o or TV ?

3.
over the

sees nolsE'
phone) ?

ever interfere .i t h conver sat ion (either face t o face or

4. Does noise E' ver Int er fere with act i vi t iE' s out-of- doors around your
honIE'1apartJn~t?

6. Does noi se ..ver st ar t l .. youl

7. Does nctse ever frighten youl

32p. N. Borsky, C~un l ty R~ac t1ons to Sonic Booms i n the Ok1 aho-a t1tf Ar~a,
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8. Does noise ever i pterfere .n t h ~ctivit ies t hat requi re your care or
cOf'Kentr~tion?

9. Does noise ever dis t urb your res t ~nd re l ~ xat i o n i n your home?

10 . (If applioabu) Does noise ever boUler or disturb ~nyone efse in the
household?

For each of these Ie , respondents . ho said these actfv itl es interfered
witn the. ~re aSked what noi ses caused i nte r fere nce ano ho. of ten . The pos­
sible response s t o t~ frequency of occurrence -e re -every day,· ·several
times a wee~ , · · several times ~ month , " "once every fl". months ," "less often
t han t hat ,' ~ n d (w,n ' t l:now) . Each res pondent ..as asked, by source , ho....
annoyed he ..as by that level of Interfere nce occurri ng t hat . any t imes . For
exnple, respondents WE' re as ked, - Ito.. anpoyed are you by fairpl.anBlI) i nter fer_
ing with corversat ion (lltroero.l t inlell a "'ekJ7 The possi ble responses Wfre on
the fhe-po int scale -- the t 'ooO end ooi nts se-e · ext.--l y" and 'not at all . "

In t he past , i t has been the pract ice to base an overal l annoyapce i ndex
on ~ l i n e~ r combi na tion of t he responses to a set of questions . For CERL's
~nalys fs , the responses to t he 10 quest ions 11st ed above ....er-e cj ecec on ~

bi nary sC lle ( rl t her than using the annoyl nce n~~rs as card i n~ l n~bers

ringing fron I t hrough 5) by defi ning respondents to be -hi ghly annoyed- to a
91vl"" f , ctor i f they chose ei t her of t he to p two n~ri c s on t he f ive-po i nt
scel e ,

\then the se diU ~re ClM;ll red to those frQlll rupondents Indicati ng
oVE-ral l hi gh annoyance with t hat noise source, ~ high degree of redundancy and
OH'rlip bet ween certai n subsets of activity interferences were i ndic ~ted. For
ex~mple , a re spondent "highl y annoyed" by ai rc raf t noi se might al so have prob­
ler s wi th l i steni ng to t he radl olTY, conversation fl ce- to- face or over t he
~ne l or bot h), and still Mve t "e s_ overall ~i rc r~ ft annoyance reaction.
Si.fl arly , a re spondent - h1ghl y annoyed- by blast noise . ight i ndicat e t~t

tpe blast noise startled or fr i ght ened hi. (or both] and sti ll have the sa-e
ov..ra11 resoonse . Agai ll, t he s_ can be Slid for the QUesti on reh tlng to
re st and rel,x. ti oll as cc.pa red to tre q~stion re11t i ng to sl eep. A respon­
dent might choose one or the ot her (or bo t h) and sti ll have t he same rel ction.
Thus , i t WI> decided to merely t abulate (11 the re spondents i l'ldi"ti ng high
annoyance with a gi ven factor by noise source catl'gory and (2 ) the number of
those respo1dent s Indicating over. l l high . nnoyance. These data are III Table
33. This table shows that t he prl....y problNS ..It h iJipulse noise are house
ra ttles, sta rt l e, and fr i ght . For airplanes and hel icopte rs, speech inter fer­
ellce is the . aj or problN. St reet t rl ffic and ~ighborhood sources ..Inly
Int erfere .1th sl eep.

The data wer e exami ned t o see if any of t he acti vi ty i nte rfe rence f~c tors

we~e an indi cator of whether a respondent would be "hi ghly annoyed,' or i f ally
c~i nlt io n of t hese was a useful predictor of hi gh annoyance . No suCh rel a­
t i on coul d be found. Rather. i t appear s that the n~ber of factors found t o
be highly annoying is the best predictor of ~ethe r a re spondent will be
overal l hiShly an"Oyed by t hat nolse source Cltegory . Tabl e 34 and Figure 10
il l ust ra te these data by source Cl t egOry Ind ~ber of factors genera ti ng high
annoyance . For each source category, t he percent of r es~ondents ri ses as a
function of the number of fact or s generating hi gh a nnoy~ nce unti l the ~oint
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T~ble 33

Numbe r of Responden ts Expressi ng lligh Annoyance
to Indicated fa ctor by Noi se Type

St ru t
Art, n . ey l ea H 'e

S'~~ lOS nOI 118 U~I \03 13~) eo {3 ~ I 181 1281

R ,~'o TV 56 071 ee 115 ) 139 I ~O ) 168 1 ~91 39 11~ I

Con,"e.. t10 n ~l (l61 " 1111 9S 1291 res IU ) " '"
O"t~oo,., 9 18) " '" 17 {51 " IW ) " '"
Ratt)e. lSO {J611 11 !l) .. 1191 roe 137) a '"
Stl r t ' . '00 197) 5~ (8) " (l ~ I .. III ) " '"
Feig ht '" IU) ~ O 191 39 1131 " 11u 16 12)

C,roiconconteU 100 "' I 551 57 lIO I 15 124) " 13~ I ., IlJ )

Rel t l c. , " a t 1On m on ". 118 ) ' 00 139) 122 {HI 119 123)

D1ll uo1l ot ~or

lIou lc~old ...~b'e' ru {8~1 su 111) 101 129) ll& 1391 12' (25)

Hu_' 1n pa ront~" 1H h t ho " ..ber of t ho.. ' ..poodeoto 1n t~at coll aho
,,~,"..j~ . . ...11 h' g" ooooy, nco to t o,t no", t yl"' .

Table 34

Number of Percent of Respondents Expre ss i ng Overall Hi gh Annoyance as a
Function of Number of fac tors 1'lhi ch "H1ghly Annoyed" These aesponoents

a , • s e , • ,
--_ . __ .- ---------

Tot.) Ho. .., " II .. .. eo e r ,
Aec,"c"Y Tou' aho H'g h)y Annoy.d " ea " n " u e • ,

• ~ ' gh' y "",noy.d .. " " Of " II

St ,·.n 10101 No . U. sc " zo " ic e , ,
Te, lflc Iota' ah o H1gh' y An",y.d .. '" " " .. • , , ,

, ~ ' 9hl y "", ,,,,ye~ " .. " " "
,

Total 110 . '" se " "
,. II s • ,

A1 '·pla .... Tot,) , 1<0 Hl9~ly Ao""y.~ " " " ie " " • s r
t ~,g h) y Annoy. d " .. sa "

., ,
Toto) 110 . m " .. " " " • s •

Hcllcopl-On Tou ' 0100 High' y AMOy.d " " " te " "
, • •

, H'9h ly "",noy . d sa co " ee " "
Toto' No. m " " " " s , 0 u

C~ l l ~ ecn IP .U ToUl ah o Hl9h'y A,""y .d ss .. '" " " s c 0 c
t High'y AM"y.d .. eo '" '"

.,
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where 50 t o 60 percent of respondent s express high overal l a ~noyance ( ~sual 1y

th ree factor sl . By the t ime si x or seven factors generate high annoyance .
t hese fe'" respofldent s al-ost ~nlverS61 1y i ndica te thlt tlM'y a~ "highly
annoyed. "

For blast noise. the data we re co-pa r~ to respon ses of tho~ who OWJI!d
t!"elr ~e vs t llQse ""'0 rent e<! . This cc.parison wn perfo..-ed only for tfc se
livi ng off t he .H Ha ry i nstallation ( see Table 281. lio si gnifica nt differ.
enct s were found for the l evel of overal l h i g~ annoyance for those who ow~d

their ~ts as ceeceree to t llo se ..ho ree tee , Areas OOPre ca-bl llfd 15 silo..... in
Table 35; agai n. t here were no signi fic ant dif fere nces.

The data were also cOllp,Jrt'd to responses for ho~seholds wi th ene or IIOre
_embers employed by t he Gover"""ent vs those . lth none , Agai n. ee signif ic ant
di fferences coul d be fo~nd i n aflY area (Table 351 .

As s t ated above. the cur rent Nd t i onal Acade.y of SC ience procedure to
assess conmuni ty respon se t o j ~pulse noise uses C·we1ght lng and predicts a
CDNL. This CDNL includes a 10·dB ni ghtti",e penalty . Th i s fonnul at lon di s­
cards si ngle-event sound-exposure level s . hi ch are l ess t han B5 dB d~ r lng the
dayti me and l ess t han 75 dB at night . Vari o~s var iat ions and alternat ives can
be consi dered i n additi on to th is bas te proced~re . For example . the th reshol d
can be effecti vely elimi nated by dropp i ng It t o 40 dB; t he t hreshold can be
kept const ant bot h for day and ni ght . ra t her t han al lowi ng t he threshol d to
drop 10 dB at night ; the threshol d l evel can be changed t o highPr level s ; and
s~e fo~ of j "' p ~l se cor rec tion factor can be addPd based on t he sound­
exposure l evel of t he event ttsel f. Table 36 su~ar i zes th e basi c dat a
developed. and Table 37 li s t s t he resu l ts . al ong with thnee var ia nt ~aJlS to
fo~u late a tD~L. Table 36 incl udes . by area {I I the adj us t ed percent "highly
anfloyed- ( f rom Table 32J. 121 the est i. at ed year ly t DNl ( from Table 28). (3)
t he equi val ent AONL for t~e percent - hi ghly annoyed" as taken fro- the Sc hul tz
rel ati on. and (4) the dlf fert'nce In d~ i bel s between tbe latter two val ues_
Thl" equivalent ADNL was ca1culat l'd fr Olll tne Scllultz rt'htlon by deterwlh ing
~j ch AONL _oul d yie l d the given perceJl t - hi gllly annoyed.- For ex..ple . an
ADNL of 74 cor res ponds to abou t 34 percent of • popul.ti oJl being desc ri bed as
"hi ghly annoyed. ·

Table 37 su..ar i zfS t he data for t he base case { t h~ present ly recem.ended
~tj ona l Acade.y of Science proctdure) and t hree var la Jl t ( ases. Casf 2 rai se ~

the 85-dB U~sho ld to 95 dB. Cne 3 eeestee rs U e IllpOslt lof'1 of an i. pulse
ce-rec ttce f<tctor In the fOr1lula t io n of the CDNl . and rese 4 el i. inates..,y
threshold or cor~c tlon factor.

The I.pul se cor re< t ion fac tor ~a s fo...ul ated based on t he ~sul ts of t he
soniC bOc. st Udies by Borsky In t he Ok l a h~<t Ci ty area. Ap pend ix G cont ai ns
the basic formula t ion of t his correct ion. Table G2 l ists the CDlll aJld t he
percent "highly <t nJloyed" calcul ated for t he th~e distances and three survey
per iods {havi ng differe nt boom o v erpre ss ~resl i n t he Okl ahoma Ci ty study .
Based on the percent "hi ghly aI'lMOYl.'d. " the Sc hult z funct ion was used to def tne
an eqo tve t ent AONL level (Fi gure l l ] , The difference bet ween t he cal cul ated
CDNL and t he equiv alent AONL is shown I JI Table G2. Si Jlce. i n Oklahoma City.
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Table 3S

Compa r i son of ~e rcen ts "Hi ghly Annoyed"--Owners vs ~en ters and
Govern~nt Wo rker i n Household vs No Government Worker in Household... . ' ''IO~I

",,-...-1 _._.1
~.,

~~"U' """' or "" ... ~ .
110 . of I N' ..', .... . 0 ' I N' IJI'" ... . 0 1 I NI..', OlD . o f I Nt", I,

"" ..._-~.. -,... ..__. t • .- ............. ...,.. .._tt .~H

~ 1 ~N 1_6 ) " U O) " (251 ,. ( 'I I ..
h, V . '0 501 ) " tzUl " U~) " Ul. \ "*t~ •..... ".
r" v • ( 629) • WIl • 1_1 ' 1 • I ~U I •10, (

Table 36

Differen ce Be~n CD~l and the Equiva lent ADNl Ca lculated
froa the Percent ~ H i ghl y Annoyed- Us ing the Schul tz Rel ation
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Table 37

Al ternati v@ C-wpig ~ted Day/Night l evel ro~l.tions
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Figure II. The Schultz rel at ton for percent "highly aMoyed" vs AON L.
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tn~r~ -e~ e i g~ t boc.s per day. all d~ri ng dayt i~e, the CDNL . as reconverted
buk to a C-we1ghted sound-exposure level pe r event by addi ng about 40 dB to
till' COWL value s. 'rnese vatees are also sho wn In Ieble G2 . Based on tbt s
tib le . In Ipprox1~lte piece-wise cont i nuous cor rect1on funct10n was developed:

If CSEl < 92. 5 dB ,
t ile" !"SEl - CSEL,

If 92.5 oB ( CSEL < 102.5 dB, then
C5EL - CS EL + {tSEL - 92.S }.

If C5EL ) 102.5 dB. then
CSEL • C5[L + 10

where ;

C5[L - C-weighted wund-expoSll re Ievef ,

Since house rattles lo'l' rf' fou nd to be thl' pri. ary adver-se fac tor in bot h
He CERL and OkTahe-a CHy st~d 1 es, it is 1nternting to COMp.l 1'@ t nt respons.es
t o t he hOllse ratt l e ques t ion with the responSf'S given earlier. Speci f ically ,
Table 38 gives t he responses to the quest ion wh1ch asks hOw frequent l y i~pulse

noise caustd till' house to sh<l ke or rattl l', and Table 39 gives the respondents '
we-eu annoyance to till' shaking aM rat t l1ng. As wit h Tables 30 and 31 , the
respondents' owl'rall judg.e nt to blast noi se obta1ned earlier in the survey .
the se data are g1 ven by geographic area. Table 38 Sh OWS t hat the fr equency of
occurre nce of house rattles goes down as c""pared t o the frf'quf'ncy of
cccurreece of hearing l.pul Sf' nois" (Table 30). In ccnt rast , hb1f' 39 shows
t~at tnf' annoyance to ra ttll's goes up as COMparf'd to OYf'ral1 jud~n ts of
annoyance to 1mpul se noise (Table 311.

As a further Sf'nsitiv1ty tf' st on t he rf'sults. Figure 12 i l l us t rat es till'
percf'nt "hi ghly annoyed- (base- case analysi s l vs the ranges of possi blf' CD~l

levels . One extreme t s t il l.' coapute r predict10n -- the othH exereee is the
full IIOn1toring correction to till' COllput f' r prl.'di ctfon (Tabl es 21 and 28).
Figure 13 plots the . Idpoi nt s of the ranges in F1 gure 12 . F1gurf' 14 plo ts t he
stUody values fT'Oll Figure 12. In both Figures 13 and 14, a -bes t" fit Of tile
~~hultz curve to the data Is to displace i t by about 9 to 10 dB.

COMpari son Wi t h Previous Rf'sults

In the OIllal'OIla City t est , ~spondent!. W('N!' sUbjt'C ted to eight sonic
~s pl'r day (no Me duri"9 the night). The energy average peak levels of
t hese bo~s 1n di ffe rent no isl.' zones and at di ffere nt ti.e periods ra"9ed fra­
123 tel 131 dB ; t he overall ext eeees ..ere about 116 t o 136 dB. In contrast ,
CERL' s an, lys is used data frOll bel ow thf' threshold of audibili ty up t o about
145 ee.

As noted , tile Bor slY dat~ only i ncluded responses fr~ t hose ..he fel t
they should co-pl ain about t he noise frOM a Gover~nt acti vi ty or agency if
it botl1ered thE'll; these d.ta were specifically addf1!ssed to the rn pondents'
annoyance to "neuse rattl es and s ~akes.· These data , of cour se . represent the
hi ghest possl blf' percentages , si nce CERl' s data i nd1cate that response s t o

74



hble 38

Art illery ShakesfRat t 1es House -- Fr equency of occcr - eoce

~..l s.-..nl 0".. £0.. , In, --_.
I ......,.., ..... _I ... , ...~I ~ ~"' '''.III ' Olt... 0« ......_~-_.

"'~ ••• ro.• u .• fl . I ••• 11. 1

fAl W ••• 13 .8 24. 1 I ' . S ••• J~ . ~

U . t LO ••• le.s 24. ' ••• 41. '

~.• ••• I'.' »., ro•• L' n.'
~. , r.e r.a n .• U .S ••• JO. S

a.\ '>l 101"'- ••• 11 .0 16.6 ro., '-' ll.J

SOIII H ... 16 .1 1• •3 11. ' ., 1J .e

OU ' • •• n.s 41. 4 ••• w.•
' U . • • t . t 14 .J 14. J ~ .r

Table 39

Artillery Sh a ~es/Ratt les Hoyse - - Overall Annoyance

"" ",".or

••• h U_
V" 1 __ _ ...01•

SH"" . , ~1l 0< , • • ,- ....- ._~ .._-
"'~ rs.o u.e 11.' fl. ' ••• 11.1

,a, " ,.. ••• 11.6 16.1 11.1 •••
f at l ••• ••• 11 .0 12. 4 15 . 1 11.1

"" • ••• 10 . 7 ro .• 17 .6 15.6 lO .e

~. , ••• '-' 11. 0 u .e 15. 6 3'.0

...n T01",- ••• ••• 1'.0 a .• U .• It.'
~. .., 14 .' n .o It .' n .r 11.0

OU. ••• •• n .1 f6 .3 II.) 10 . 7

~ ~R " c ••• ••• 14 .3 16 . / 64 . 3
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·~ousc r~ttles" gener.te g~.ter ower.l l .nnoy.nce ',we's t~.n do responses t o
t~e gener.l .nnoyanc ~ qJ ·~t lon s; I .e . • respondent s w~ fel t they should c~
plain expressed ~19hrr annoyance l.t • ra te of about 4 t o I) t~an t~ose WhO
felt tney should not complain. Append ix G s~rfles the Borsky data and con­
verts ~ fs peak l evel s Intu .pproxiMate (DNL l evel s . Table 40 s um.~ ri les

(ERl' s re sults i n t erm s of percent of respondent s " ~ fg hl y annoyed" by bui ld ing
r~ ttles (only responden ts fndlca tfng th~ t they should compl.f n ~bout Govern­
ment ~ctf vf tfes If ~ nnoyedl as c~p. red to the ye.rly CONl ~ n d ~s comp~red

wi t ll the Bor sky-devel oped data under reese S.." condi t io ns. These cc.pa r hons
ShOW tll. t for a given CDNl l evel , tile -Ilighly ~nnoyed " percent age Is s~~ 10
to 20 percent l.~er in CIRL ' s results tll~n In the Borsky -devel oped dat • •
~for tun . te l y . Borsky rever asks tile question dealing with over al l .nnoy~nce

t o sonic bo~ s . Rat~er, lie cre. tes .n index b~sed on t ile w.ri ous . ct ivity
interfe rence questions.

Table 40

Percent "Hig hly Annoyed" by Buildi ng R.t t les (Only Those Who
Feel They Should Compl.fn About Gover nment Facili t ic s

or OpH. ttonsl .

Pre-sent St Udt Okh hON Cltr Data
, it ghly t Righly

Area LCON Annoyed Annoyed LeON

HI" se 59 .4 35. 3 ..
FAY Ii " n.B 25.9 61

FAY E 52 17.9 25.4 "
SOUTH 49 32.0 19.4 60

NEAR W .. 14. 4 16 .9 "
FA" eo ' .5 16.6 60

12 .5 "
11 .0 "

5. I "
*Fr(lll\ Table Al

Di scussion of Data and Results

Tile differences between t~ Borsky results i n Okl.ho-. City and C[RL's
resu lts .ay be caused by any or .11 of three factors. Fi rst, t llE'df ffe rences
I1'Y refl ect rea l dif fer ences fn the response of peopl e to tne noise source .
"het is , for. given CDNl , the community In . y be mU Ch more .nnoypd by artill ery
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nct se than by sonic boom rctse . This m~y eeen that th e CDlll measure f s not
tne . easurE' to be us('d for i. pul se ro tse : t .e •• ~ ll1easure is r('Qufred ",IIf Ch
furthe r ~p~as i zes artil lery noise as ~o-~ared to sonic boom noise . Th is con­
clus ion supports the us(' of C-wei ght fng or SOD!' type of ~e~sure which cut s out
~re of the low frequencies. si nce the di fference bet.een sonic boo- and
ar ~fllery noise lfes i n the fact t h ~ t t he sonic boom h~s greater qua ntities of
subaudible energy.

A second possl~le eJpl aration is that no response differences eJ ist.
That i s , if Barsky had ~sked ~ quest ion deal i ng w1t~ the o we~a l l annoy~nce to
sonic boo- noi se and USM data froll all respolloents in "is ana lysh . tile
res~onses might h ~ w e been equ ival ent~ those ~resented in T~ble 32.

The thi rd pOSSibi lity 1s th at the ap~ rE'II t l y lowered annoyance l evel s
re sult ts caused by the fol lo"hg : 111 OkhlltWa CHy -espoeeeot s kllI'W a test
,,~s occurr1ng whi ch had a fiJ ed duration , and/o r 12l had only been subj ected
to the sonic boOMs for a re latively shor t t l. e labout 6 to 8 wpeks for each
interview period) . Thi s woul d further support the I-year equal -e nergy concept
inherent 1n D~L by indi c ~ ting tha t respo nses t o 6 weeks of noi se are much
10Wl'r tha n responses to 1 year of eef se , Aho. the very presence of tile
"test" ..y have influenced jud9~nts 160 percent of t tl' Cklaho.a Ci ty respon­
dents knew a test wa s in progness dur ing t he first I~tervie" period) .

The resul t s In Cha~te r 4, i .e . , th~ t events must occur "less often than
once every fpw month s" before ~ nnoy~nce dies ~"ay . tends to i n d i c ~ t e th at the
c~uni ty response wi ll not re ach a final ·steady- state" val~ in less than
about 1 year . reeeee , Fidell ha s recently shown t hat a s l 11g1 1' eJponent i . l can
OI'scrlbl' the rt se hI ccaounity rl'spoftse t o a ~step- func tfo ... • t rcrease in
noise. T~e t l. e constant he f ln~s Is 3 ~ftths, a resu lt cOllsi st ent _it " the
findi ngs in Ch~ ~ ter 4 of t his study. Thus , the most plausible reason for the
lc wer respo nse i n t he Dkl~hom~ City study is that the respondents knew a tes t
wos in progress and ~at the test did ~ot procel'd 10llg enough for the co-mu~­

tty response to reach its fha l valLll! .

Mt;>ni tar'i"'J at FOl't 81'agg

The ~on i tore d dat a to tht e~st of Fo rt Bragg were t ypi cal ly 3 t o 5 dB
bf"low pred lctl"d levels . Ttlest' data WE're Character ized by one or sever"l l eud
days , along " it n lIIany lluiet days . This -on ltori"'9 result generally correlates
with t he Cc.I'unl ty responst' . f.t'. , responde... ts i ndicatf'd tllat lo ud events and
house rattles genera l ly occur It'ss of ten than -every ~ay" or ·sevt'ral tl.es
per week: espec ially in ~ r e llS relatively dfst~M from t he i nstallation. Ihe
IIOn1tored levl'ls to t he wes't ~nd sout h we re much lower t han predtc ted; th e
~ t" showed only gellera lly l ow- noi se days alld nore of t he ill terspersed 111gh­
l t vel days . ~owev er , the rl' spondent ~ata would seem t o indica te that these
high lev els do occur and \rat the ~on i tor i !'l9 must not hawe gol'll' Oil long enough
or during th"-rl ght season to record high-level days.

Near t he installation bounda ry and areas to t he SOut h and sout hwes t of
pred~inant eetse sources , .enured tevej s Wl're 2 to 4 dB above prediction.
In thi s study area, winds were general ly frc. the north or northeast . The
resulting ~on i torl'd data support published data fndlc at1 /1g th~t • • t relatl wl'ly
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~hort dl st.nces, SDynd propagati on is tnh,n<td 1n t~e Oo_nwlnd dlrettion
' CERl ' s ca.pyter predicti ons t.kr Into accourt t"ppr.tu~ Inversion frequell.
ctes , but rIO t " l ila dfrpct1oll s1. JJ

.1~tePnati~~ Weight ingB

Table Z7 l 1st ed _e. sured v .l ~es for the AD~L .t the monitor loc.tl ons.
Ihi s table s ho_s no cor~l. tlon between the ~,surPd A- and C ·~f ghted l evels
It a"y s ite . HoreO¥tr . i t 1s clear f~ Tabl e 29 that t~rP i s no corre l at i on
>tt~en the .e. su~d A-we ighted l evels and tte pp ~ents of res pondents "highl y
JAnoyed ." Bet h t he Ok l ' h~a Cl ty st udy , nd CERl's st Udy show that house rat­
tles are t~e prtd~ln.nt adverse f, ctor In the c~un l ty . Since it i s pnedo-­
In.ntly the energy In the 10· to l O-Hz ra nge "hlch cont r ibutes t o house ra t­
tle s, A-weight ing of 1 ~pu 1 s~ noise woul d d~let ~ nearly all the '~fonRatio~

releYa~t to t he causat i on of house rattles.

The data 1n Table 31 of fer little def initly e i nformlt lon re9ardi~g

i .proyed I lternatiyp fo~u l l t i on s for I CDNl ~Isu re. hot e tne dltl on t~

first thr~ a~a§ -- High , Fly W. and fay [ (Sout h.. ~ear w, a~d Far Wwtr~

based on questi onable . onl torfng ~sults and thus were ~t conslderfd here l
show that Case 2 i s no dlffe~nt than Case 1; Case 4 Is only .arg1nal ly better
t han C a s ~ I In that the dey lat ions among the values ar~ slightly smal ler.
Case J ( t he tmpu 'l se correctf on factor) seems to cl early move In the ..rong
direction by increasing the r-el at.tve di ffe rences between areas.

Foroou ticm of !.qui PO l€nt LelJeb

To nsns the total ret se produced by .n ltl ry i nst i l lati ons , it 15
necessary t o be able to c~bl ne a ~d portray the effects of a' l noise on the
surrounding c~n l ty so ~aningful l and-use patterns can be developed, both
for on and off the Instal l ati on. Thus . some equ l v al e~y .us t be establi shed
between the mea sur~s used t o assess impu lse nofse and the ADNL ley~'s used to
assess al ' other noi ses . The p~rcentage of the commu~ity Character i zed as
"highly annoyed" by a given noise eny lronme~t appears to offer t he best mean s
to de v~lop t his eou l val ~ ~cy , glypn the ~phasi s ..hich th~ Nat ional A(ad~y of
SC 1ence and the EPA have pla ced on the use of this concept In assessing the
i~ac t of ~oi~ enyi ronme~ts .

The data In Table 37 and in Fi gures 13 a~d 14 (Case 4 1 show that the CONl
val ue underpredi ct s the percent age of respondents -highly annoyed~ ..he~ used
In col'ljUflction with the SC hultz relati on. For u ..pte , the data show )a per ­
cent "highly annoyt'd ~ in the 68-dB zcee . The Schultz relation sho wS that it
takes an AO NL of 74 dB to aChieve J J perc~nt of r~ spondent s "highl y annoyed."
The di ffere nce bet"een thes~ valu~s 1s t he i ndicated 6 dB In Table 37. These
data Indicate that t he present CDNL al"ays underpredlc ts the pertent "hig hly
annoyed- ~en the Sc hul t z curye Is used. Adding a co~stan t 6 dB to tht CONL
valuts s~s to be the s i~lest .,ans of t'stab11 shjng ~ tquly,ltnt i~pulse

nofs e l tvel wh ich can be ~ i rect1y c~ rtd ,,1t h A-wei9~tt'd ltYt'ls . Addfng 9
dB ..ill yi t l d equ i val ent ~L l eYt'l s .hi c~, when the Schultz rt1atl on is used,

33y. Pawl owska
ence Ma nual,

and L. Littl e , The Blast Moise Fredlction Pro§ra~ :

Inter im Report N-75/AOAo74050 (CERC, Aug ust 1 79).
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closely predict the actual percent of respondents indicati ng hi gh annoyance.
In developing this recommendation to add a consta nt 6 dB, the resul ts for
areas to the south and west of the installation are somewhat discounted since
the responses for loudness, frequency of occurrence, annoyance, and house rat­
tles all indicate that noise levels are frequently higher (at least duri ng
some portion of the yeul than those actually measured duri ng the specific
days of monitoring .

Conclusions

Chapters 4 and S established:

1. For impulse noise, the gro~th in annoyanc e for increases in loudness
or in freque ncy of occurrence is equivalent to the corresponding annoyance
gr{~th to such common noises such as f ixed-wing airc raft and vehicle noise .
Thus. to the extent that fixed- wing aircraft and vehi cl e noise can be
de!,cribed by an energy model such as O~L, impulse noise can be equally
de!.cribed by suc h a model.

2. The nighttime penalty for all noises is on the order of 10 dB.

This chapter showed that a measure which takes note of house rattles is
definitely re qui red and t hat A-weighting cannot and does not perform this
funcutcn, On t he other hand, there is evidence thatameasure wh i c h i ncor­
soee ees more lo~·frequency energy than does C·weightlng woul d fur t her
emphas f ze so nic booms as compared to ar-t tl Iery noise and increase t he dispar_
it)' in results between these two sources. Since enE'rgy in the 10- to 30-Hz
range must be i ncluded to assess the contribution of impulse noise to buildi ng
rattles , C-weighting st111 appears to be the best available standard wei ght in g
network ... ith ...hich to assess impulse noise.

The present 8S·d8 threshold ...as originally incorporatE'd bE'cause data did
not exist for to...er levels, and because it ...as felt that only "large ampH­
tuce" i mpulse should be considered. Chapter 4 sho...s t hat impulse noise fits
an enE'rgy model in much the same way as aircraft or vehicle noise fits an
energy mode1. Also. Table 37 shows t hat eliminati ng the t hr E' shol d may
decrease variation from site to stre: retaining. increasing . or adding an
im~ulse correction factor to the present threshold does not reduce t his varia­
ticn . Thus, it is co ncluded that the present 85-dB threshold adds a complex­
it}' which should be de1eted because t hE' r e are no data no... to suppor t its
retention.

In SllTOO1ary, the analysis in this chapter indicates:

I. Impulse noise is described by an energy mod!'l as ...ell as any noise is
de!cribed by an energy model.

ThE' re Is no reason to deviate from
for impu1 se noise (or for any other

the present
not sel .

1O-dB night time

3. C-...eightlng is the best available measure to characterize impulse
nOise.
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• • The~ Is no threshold bel~ whic~ i_pulse noI se should be deleted any
-ore th,n there Is a threshol d below whi ch aIrcraft ~f se or vehIc le noi se
should be del eted fro- DMl predictI ons.

5. Addfng ,n f.pulse noi se correct fon dots nat fnertase the ,b fl fty of
:D ~ l t o predfct c_ nfty rfSpon Sf.

6. To be able to relate I.pulse nohe t o ot her nohes , it Is rec~nded

that equfvalent COHl ltvel s be es t abl Ished by addIng 6 dB to co-puted or ..as­
Jred CDNl val ues .

7. for a ghffl ncf se level, on-1nst.ll.ti on ,nnoyance 1s sfgnlfl cantl y
lower than off- fnst al l at fon ,nnoy,nce .

B. There 15 no dffference In , nnoy,nce levels between respondents IoI ho
own or rent their homes .

9. There fs no difference In . nnoy, nce levels between on-Install.t10n
respondents who do not ~.ve • f.. lly m~ber loIOrkfn9 for t~e Gover~ent . SInce
43 percent of off · Instal l atI on respondent s ~.v. at le.st on. household -..ber
....0 worked . t or for SOlIe Gove...-nt "-cHfty (thls 43 percent fl9ure dots not
inclu oe ~ouseholds of ret1red . ilitary), thert 15 no reason to .ss~ that
txere woul d be ,ny SIIal1e r l tveh of .nnay.nce in , c.:-uni ty ....ic~ WiS less
he.vily . ,de up of households who had f,.lly -..bers work 1n9 at s~ Govern­
)lfnt facility.

10. On · lnst,l l at ion ,nnoyance l evels are sl gnlflc,ntly lower th, n ,rt
off- Inst allat ion l evel s for t he s..e stl~lf .

"



& ADOITI OkAL FACTORS CORRELATED ~lTH

COMMU kl TY AkkOYANtE TO k01SE

I~ addi t ion t o ~esti o~ 34A ( d i sc u s s~ in Chapt er 61. which asked , "Do
you thi~k people around henf ought t o compl ain about the noise from the
Goyernment f aci l i t ie s or operati ons i f t hey f i nd i t annoyi ng?", three other
QUesti ons ~re asked whi ch were found to correl at e wi t h communi ty annoyance .
These were Questio ns 3D, 31. 35, and 36.

Question 30 asked , "How much would you say could be done to reduce the
ncf se from ( )7' . Th!" possible answer s to Part A of this que s. tt on were :
a gnf. t deal , quite. bit,' hi r amount, ~ot yery ..uch , nothiTll].t .11 . Put
Basked. · Right now, as far as you know, i s there .nyt hi ng bel "9 done to
~duce the noise f~ I~DeI ?" . The possi ble answers were ·yes" and "no. "
If a respondent answer~ "yes," then he -a s asked in Pa rt C "How.uch would
YOL say is being done t o rPduce the noise fro- ( .~)?" The posstb le answers
to thi s were : a great dul , quite I bi t , I fair lII'ount, not ve...y _uch , noth­
In~ at all . This questi on WIS designed to get at what ~e researchers such IS
Bor sky have t e....ee ".iSfeasance· . It w. s analy zed by divid ing nfspondents
int o two groups . Group 1 co~ ta i ned those who fel t t hat "a grea t deal ,· "qui t e
a bit ," or ·fair a_ount" can be done to reduce the noise fr~ ( 6~) , but
that ' not hi ng at al l " or "not very muc h" was bei ng done.

Due st ton 31 was a Simple one-part questi on wh ich asked, "Compa red to most
peopte , how seest t t ve do you think you are to noi se?" The possible respon ses
were : much ecre , ec-e, about t he same, less , _uch less. For thiS questi r "
re spondents were grouped i nto two categor ies •• those respond ing " mu ~ h .ore"
or "~ore" were in Category I, and al l ot her respondent s In Cat egory 2.

As indic.ted, Questi on J4A asked. "00 you think people around here ought
t o co- pl , ' n about the noi se f ...a. Go Ye r~ent faci l iti es or ope .... t i ons i f t hey
f ind it annoy1 ng?" Th. posslbl. re~pon se s .ere · yes" or "no, " and re spo nden t ~

were SO gl"Ouped .

Question 36 . as ~es ig"",d to get at .~et~er a re~pondent identi f ied de-age
poten t ia l .I t h a giyen noi se source . Thi s questi on ~fd t hree par t s . Part A
asked, "Are you eyer concerned that any source of no ise we hav e been tal king
about mi ght cause damage i n t his nei ghborhood?" Po ssible responses were ' yes"
or "00. ' Par t B asked. "What do you thi nk might do th1s?" The possible
re sponses were t he di f ferent sources of noi se t he respondent had said he had
hed rd, usually arti l lery. st ree t t r. ff lc, airplanes . heli copt ers , chi l dren and
dO'IS . In Part C, for t hose sources ident ifi ed i n Part 8, respondents were
asked, "What do you think t he chances. re t hat ( . 0W'Ce) . 1gM ceuse de-age in
the neighborhood in the nut few years?" The possi bl e responses were: very
l ilely , l1kely, unlUely, vC' ry unlikely, ereost no cllanc~ at al l. Ilnponlients
. M identif ied . given scuree as potenti.lly • "yery li kely· or "li kely·
SO H"ce of d.agC' were placed in one gl"Oup; all ot her nfsponclents were placed
in ttle second gl"Oup .

Ttlese four quest ions can essent ial ly be abbreviat ed by the subject . at ter
wh i ch they deal wi t h: ~estion 30 •• • i sfe.san ce , Quest ion 31 -- sensi ti vi ty
( t o nol sel , Questi on 34 -- compl ai nt potenti al , and Que st ion 36 -- da~age .

For each question. r C' spondent s were spli t i nto two groups: yes and no. The



"~s " groups were the c ries t llat wo ul d be expec tee to be IIIOrp bothered by the
~I se because of their fpell "9s . The "no" groups reprl'se~ttd all ot her
.... spo ~dents. Tabl es 41 through 44 . respectively, t abula te the responses t o
these four Ques tions by group end eetse source category . Thl'se tabl es stom.
th at t~se four QUl'st lons each divide the sa.ple populeti ons i nto two groups
~i ch are s t , ti s t 1c,11y slgnlflc,~tly dif ferent f ro- ~ , nother.

One re, son for ,sklng these Quest10~s ~as to dete~l ne a way of reli ably
predictl"9 tho~ respondent s who would be "h1ghly annoyl'd." ~il l' each of
t~ese questions offered interesting and not unexptCtl'd Insights . none uni ver­
sally separate<! tjc se rt'spo~dents who were "highly annoyed" fro- t hose not
"IIlghly annoyed ." To fur t her stUdy th is i ssue, var ious cOlDi ~a t lo~s of th ese
four QUe sti ons were studleil . reese rt'wl ts art' 1n ~Pl'lIdh H. reese re wtes
art' not concl usive, since the Questions art' not nested, I.e. , tile respondent
Indica ti ng a high se~sltivity to noi se ~ay or ~ay not be tile respondent ~
felt he ought t o c~pl a ln and ~ay or ~ay not be the rt'spondent concerned abo~t

d~lge potenti,l . ThuS. t~e i ntersection of 11 1 "yes" ....sponses def ines I
very s-all group of respondl'nt s . Whi le a l arge percentage of th is intersec­
ti on of respondents Is "highly annoyed, " so . any respondents were e~cl uded as
to make the overall e~erc' se .ea ni ngless. The only re al lnfo~at1 0n which
Ippears t o have been devel oped is the sl~ple fact that all four of these Ques­
ti ons se~ to corre late ~I th hlg h annoyance.

One Que st ion (Ques t ion 33) probed the econ~i c importance of Fort Brags
to the commu~jty . Thi s Questi on asked, "How important do you thlnk actlviti es
at (Fort Bragg} ar-e t o th is cO","unity?" The results from this que att en proved
t o bp not sl gnlfl cant bpcause most of th e responde~ts thought Fort Bragg to be
at least s~ewhat importa~t , Thus , t here were not enough re spondents who
t hought Fort Bragg t o be "not at all impor ta nt" to prov ide any lleaningful st.e­
t lstfcal r esults . [n n....erital t enlls, 1611 respondents thought Fort Bra gg to
be "very i_por ta nt"; 31& thought I t to be "So-e~l t l_porlant" ; and onl y 106
thought It t o be "not at all l_portant."

As Indi cated i n Chapter 7, there .,s no st at istical dl ffer~nce b~tNl'en

owre rs and ....nters of ~ roper ty .

~estlon 35A ,sked: ·~~e you ever fel t li ke doing ~ethlng abo~t the
noise co- Ing fr e- any source1" If a respo ndent answered "yes," he was as ked:
" ~It noises1" For each of the sourtes whi ch a respondent ident i f l ed, he was
aS ked whether he h.rt Ictually don, anythi~g about the ~ls~ fr e. that sou~ce

Ind , 1f so , what he h.d done, when , a~d what the outce-e was .

In gen'~al , th e -doing ~ethlng- about the noise _eant co-pl l l ni ng about
t~ noi se . The respondents ~ho felt like doing ~thl ng about th~ noi se were
really sayi ng they felt l ike cOlpla l~lng about t he noi se . And thost who actu­
all y dld ~eth l ng , .c tua1 ly reg istered a c~pl a1nt with s~e party. For
,~.-ple, traffiC noise ce.~lalnts mfght go to the ci ty , co-pla i nts about chil­
dre n or pets .1ght go to thl' ne~t door ne1ghbo~, etc.

The data for respondent s ~ho fel t like do l ng somet hl ng and for those who
actually d1 d s~eth ing have been subdivided accordi ng to those who were
"hi ghly annoyed" to that noise source , and those Who ~ere not . These data a~e

in Table 45 . In gener al, the data for all sources are sll111lar. About 50 per­
cent of resp ondents ~ho felt l ike compl ai ni ng or actual ly compla i ned were also
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' h19 ~ l y fr~y~d ' { f or ~ p li coptrrs t~ pe rC t ntf9t S . r r r s~. t ~ 19~r l .

W ~ 1 1 . SO ptrcent 1s hi9~ ca-p&red to the overall sa. plp , t~ "fee l i ng l 1ke
doing so~thi~ " Dr the fc tuf l "do' ng s~ethi ng · i s ~ ¥ iden tl y ~o t f good
e"~ ~gh predi ctor of t~t resoor dtnt wto wil l or WIll not be "highly fn"oytd. -

Table 45

Rtspondl'nt Act i ons

I._~t_ ~ "fr lt .._-~.. .....
Uk. '-t. I ~'.." I<to.l11 ,-1.1..._AI.., _AI..,

~j "'l , "''''1,""., -, ..- • -, -,-
A<1\ l l•.., " " " " •
~tT..t t •• ll t< '" " " eo ..
Atr,l . ... .. ~ '" " •
",11,.._ _

" " " .. "
C. tl""..... ,.U "" '" " ... W
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9 CONCLUSIO NS

Major Concl usio ns

1. Impulse noi se i s descri bed by an energy model as well as any noi se is
described by an energy model .

1.
penal ty

There is no reaso n to devia t e from
for impu1 se noi se (or for any ot her

t he prese nt
noi se) .

ie- ee nightt ime

3. C~weighti ng is the best avail able measure to charac teri ze impul se
noi se.

4. There is Me thre shol d below whi ch impul se noi se should be deleted
f rom OW L predic tions any more than there i s a threshold below wh ich aircraft
or vehicl e noise should be deleted .

5. Ad ding an impulse noi se correc ti on doe s not increa se the abi l ity of
CO Nl t o predict communi ty response .

6.
puted t o

To re late impulse noi se
mea sured COWL val ues t o

to ot her noi se , 6 dB must be added or com~

establ i sh equi valence with ADNl value s.

Ot her Co nc l usio ns

1. For a qt ven nolse l evel . on-f nst ell at.ton annoyance is signific ant ly
l ower t han off~instal lation annoyance.

z. There is no dif fere nce in annoyance levf'l s between respondent s who
own or rent t hei r homes.

3. Ther e is no difference i n annoyance l evels between respondent s who
li ve off the install at i on who hav e a member of t hei r househol d wor ki ng for the
Government and those who do not hav e a family member work i ng for the Govern~

eent , Since 43 percent of o ff~i nstall a tlon respondents have at least one
household member who wor ked at or for some Government faci l ity {t his 43 per~

cent fig ure does not include household s of re ti red mi l itary l , there is no rea ~

son t o ass ume that t here woul d be any smaller levels of annoyance in a c~un~

ity wh ich was l ess heavil y made up of households who had family member s wo rk ~

ing at some Government facil i ty .

4. O n~i nstallation annoyance l evels are sig ni f ic ant l y lo wer than off·
i nst all at io n levels for the same stimul i.

5. Annoyance corre lates with the following four factors :

a. Belief that one shoul d complai n about Governmental activ iti es . i f
bothered

b. Se nsi t tv f ty to noi se
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c . Misfeasance ( t he bel ie f t hat -ore c.n be done t o red~ct noise than i s
bei ng done)

d. Fear t ~ a t the source of ~oi se .i l l cause da~.ge .

6.
n.J Uon •

The f.ctors l ist~ In Conclusion 5 above, neither al one nor in c~bi ­

predict "l'ti gh1y annoyed" respondents.

7. Future . onltoring .~s t use ff.ed posi t ions for as long as possible (1
ye~r preferred) and be no clo ser than 1 Ki lomet er from the nearest point.

14. Moni toring Can preceae t he at ti t udi nal surveys and i t s resul t s used
to devel op the survey s.-pling pl an.
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INTERVIEWER REPORT

I ~ . W~, ' he "",,'ond. n' ,u , p l~i o", of ,h. "al.d purp",. of ,h. Inl. n-i. " or !hr In' ". " .,?
Y. . . . . . .. ,..... , , I
N" . . . . . . , . . . . . . 2

"

b. E~ p la i n :

C, Wa' Ihere any r.a, ,,n
hearing? ,

. ... 2

1/1 Y,·, J

"

d. E~pl .in : ------- - ---- - ----------------------',.,.
------------- "

IPI""• • u.. ,;' r ~' ,ml·pai, ' et';'"i'lu ,' , ,, Ri"< Ih~ lol/'''''''' R Ta ltllR" ,m ,h . bu, " 01Y(JUT ob,~ ....,u·
l io" 0(1;'. ,..p<md_",. CiTC/~ "", UII.W., ~"d'I(JT .uch "J~'.1

2. Respcmdenl in inl.n-;"" , i,ua ,i"n:

Reined . 2 , , s , . T.n.. ... . . . . .
Friendly. 2 a , s , H,,.,,ile .... . . ..
Silen!. 2 , • s , Talb ti'·. ... .
Frank , 2 , • s , ... . . . Otf.n.i ,..
H. lpfu l , 2 , • s • Un,'ooperati•• •. . . . .
Interested , 2 , • s • Di'inte=ted .... .
Hon... t. , 2 , , s • Di.honest ... . ..
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• c . ... or lru<k' l"' ng~ 2, An d]..." Of",," ~T~

~".. . .......... 2
• AIrpla ne- ........ . .. 2

• HC'lin>p1", •......•••• ,
• Ot hcr tSpec ,IVI 2

"I Y.·, I
b (hd i , ;n'... I. ... . "h tho> ,",on.,,,.'

........

,
,,,
2

•

..
•

No.. .. .. . . . . . . . . • • " .•••• 2

,' , O,d ~' (>U ",,'n... ~ nv , h ll\g ill 'ho th . l
"''''\~ cau," nlli" ,.,-<1, hI h.. ",...?

v , . , . . . . . . . I ..

111 Y.., !

d. Wh., dld y'''' "n1l,'.','

___________________ 00-"

- - - - - - - - - - - - - - - - - - -"..,

of, Ci"" ....... 0( ""J'O"dm' -
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" ............11 """"" •••••••• • •••••• •• • • .••••• . .. ..• .• .• . . . .•• 7
Olhn- tDE5CRIBE) A

b. H_ ma nyllorios tfloonl an: ia til.. ""ildill'?
I to 3 . 1<IIin ... • . • • • • • • • • • • • • • • • • • • • • • 1 ••
.. IOS.I<IIin . . • . . . . . . . . . . . . . . . . . . . . . . . 2
6 .. 1lI~._ 3

Frame 0,11,. . . • . . . . • • • • • . • . • • • • • . . • . • . . I ..
Frame wiltuome bric k •••••••••••• ••• ••• 2
" Ubri<;k..... .. . .... • • • • • • . • • • • • • • • • • 3
Other (Specify). ..

8. [n.ide walls:
Block. • • ..• • • •. . •....... .... .. . . . . . . I ..
Pl,uter ... ... . . • • . •... ...... ... . . . . . . 2
Othcr (Specify) •••• . . . . ..... .. . . . . . . . . • 3

9. Inl~.......ill""w~andlD':

'::-==='"~ "'...-
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0 .02

AM
T,...~ ." ,......,.....~" PM

l a. Abou t h_ kmi have y"" been living at Ihi, add r...., !

I I /In> , ...." 1."",,1'1
b. WIHn! d id ~<>II hv~ bdor~ m""inRh....~.

,.'"
,,"

------------ - - - - - - - - - - - - - - - - - ----- "."
1. 1ft p ....a1. I\0oI do you ra", Ihi. Ml ghborilood a. a p~ 10 I~! 0.. J<IU rale' it "'n n ed ·

I~nl. good . fair. pooror •• .,. poor pl..,. loli>. ?
ExceUenl . . ... • •. ... . . .. ... . , I ..
Good 2
f . ' r )
r 4
Very poor...................••. ..•••. 5
D",,".b._ /1

3L W Il;o1 a.. ,.,.,,~ of thee IIl,ng> ,<>II hk~ .boo.u 1i>;nlllR Ill.. "';Ilhborttood-Ihinll' you f...,1...
""'anlallft, or Ih.l make 'hi> .1f'>"Idpl..,. 10I~! IA".n."", .~·I

------ ------ - - ----- - --- ----- ---- - -'-"
-------------- - ------- - - - - --------,..."
----------------------------------'-"

b. I. there any on. lhin g yoo hk. m""t ab"" t livinWheret fWh~' is rh~,"!

-------------- - - - - - - ---" "

n 10 J
Jl.il ,.
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D.U2

4 N".... ""'"' Ii. 10.. of lh' n jr' ........ pt'Opit Iikt .bou, lilt <"Om m ..n" l· .. htft ''''''' l"t . IS.....
CaN ' 1.1 For tat h i'"". pita"" ' t il ..... ..ht,htr ,OIl Ictl ,h" • ..,a h.-" , ht ' h'n ~ dC'\CTll>o:d .

Do you fttl l h.. . ..,a ha,

.. Clun and ..til ktpl . ,1'Cl' '' ~ . . .
b Goo.ld , 'udy ""pi",.....,... """"""n,,in' •.•.
t . Good ",,,<><>1,' _... . . . . . . . . .
d . Good p..bh"'•• n'~a'i"n? .
t. Q.... I ..",idtn ,i.l nt,~hl>o...",-~od •• . • • • • • • •. . . _

f . Nrighbon .. Ito k n..... and htl p t..,h . ~ I><r' .
g. Spa"" for ehikl.., " ,,, ph .,• . . . . . . • • . • .
h. Good parh and ' ...'ftlt i"n .l l'ae' j"i .
i . Go"d poh"" p,,,tt,:I" ,,,' .

Ifl, ... ·'
,~ ""

.....,
, , •
1 .. •, .. .., , ..
z , .., , .., , •, , •
1 , ..

s . . Havt yo" rvtr ,·"",i<1",.<1 m,,,,,,,~ . ..... rf<lm , hi, com m<J oill' n. o'l~hh",h.."1'!
'(t,. . . . . . . . . . ,
No ISAi" 1'1Q. OJ •• ,

. . . 1

.. . 2

..

III ...,.

III ... .,

0 1 ., .•,

h Vny Itw pl..,.,. " .., t n"",ly prrlm . ISo. 1'<1 h*, ,,, ....*._...J .. ha • • .., ........ oJI ,"" . hingo
you d",,·, Iikt .bou, I ;'; n~ twft-Ih,n;t' l'O" ma y fed a.., n.. ,,,, ,,,-n. ,m'a'..-. b<>rh<-n.omt
or d"lU .bin~ 10you'

-------------~_ ..
- - - - - - - - - - - - - _ ...
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D.Ol,.N_ Ion" i> a I..., of , h,nl!' " "... pwplf di, hk" .bou" M p1act *twn .hey Ii...,. In _ c,,'"
, 1.1F.... "actt ilntl. pit..... ", llmt -,ohnhn yOOl ful lhlO .!'f. hu 1M IIl' n.da.mbfd .

F,n • . . . ,. N_ . lhink,ng of i. bfinl aD . reo .-i. h ...
,i,~,., ,.,~"fiotlroJ. h.,.. m.......don lhi>boll..·..
.... . n~ yoo! In "",C"Td ' ).1

• Doyou letlthi, .rr . h., . , , /I ~~d C" '~R",i~. u"d ,i,d. "",we• .".}~

, f)",,' , Eo· V~ M'" Not., 10 011"

Vn s. '_ 1"""" In"eh ~ Slifihll)' .. '- 1
I. " poor or i..·...............' ...

1"". t1on~ z , .. , , • s , ..
z ]n. dr4 ul tr

<ommum,y
f.cil ' . ....,
,hopping . nd
orn-i<:n'.. . . . z • .. I , , • , • .., Too ...",,"
noisr! ... . . • , • .. z , • , , ..

• D. ..grrou,
road ... rr...
, ood, '",n, ! z , .. , , • s s "

s DIng,.,.""••i.
' ..I rr", ron-
dilion, ! ... . . , • .. I , , • , • ..

• o-....C'I"'O*df'd
condition.? , • .. I , , • s • ....,. Poor d u.. . '"
. nd .." . ' h....? • , • .. I , , • s • .., U n. ale con· .'
dilinm ! . . . . . , • .. I , , • s • .., Bad odon

.00 ."
poIluli<>ol! , • .. , , • , , "

•On ' M .. hole. would 1"" ."~ . Il• • •h.. "",. hborhood ......oi'y. Cj"lCl. or i> il ....fW hnf U>
l>frw.rrn'

NOI. y .. ..... • . • ...... . ......... • • • .. I ..
Q"'r t ... .. , . ... . . . . . . . . . . . . . . . . . . . . . 2
IIIbo_n ........ ...... . . ........ . .. 3

Cf '~ 8
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f',,, Q ~ ,,~N. rd,, 1< Ih~ St",e l Air- lIeli· Children

",~",e.I in Ihe ",-J", Arlillory tu rtie plan", copte,.., and dogs Oth.r Other

Ih"" drr m~~Ii,m"d, .. .. " " .. "- - - - --

D.ol

9, Wh., a.. ,orne of the d iff..ent kind, of noi"". you heaT a",uod here? IBy ""ise>, / m"dn
",,,~d, y"" wn"ld NIh" n,,' h"ar.! (A ~y olh",,'1

ICire!" C"d, I fn . "d,h nr' ,h If""' es /..",d bel",,, ....hich iJ ",,,"'inned sp"nlaneo~ ,ly, Then
prompl /," " ""~ of lit", n"i.". n'" ",e"'i,,,,,d, by " , /<in.l'. "D" yo" eve' haT ""i•• Jr.,,,, .
"",",,4 It",,~ · , R"n. lite n"u", ab"v" in Ib" " ,d"r IIt,y".... "''' ~lio~''1.J

Child",n
Str"'t Air· H.Ii- ...

Artill.ry u artie plann copte.. -'""'- O,her 0"'"

L h , ''''' 'nli''ned 'I"''''d ''' ' ''~' 'yl
,,,,,,,

l::!lo'.'{" ~5'l' 'I l~l"i I I'lI' S 1/S ! ~ I~J
Y."pro"'pledl. . . . . . . . . . . , 2~,7 2 /). s: 2~~ . ;l BY, S 2.11 .3 2 a. 1 : .3
Rdnl< Ihe n"ise, "bnw
N o,n~.rh.ar . , . , . , ... n t tf 31o}. 9 3 ~P 3'tJ. i 3(,,0 ,7 3,q,5" 3'l '1. 1J

1]/ Y" [cnde I nr 2 ) ' n a ny ii,'''' . as/< Q"e"'nn 10",
i( nn nni.I'" " r" ltt'<Jrd. •!ip It , Q. J 1.1

In. H",,· loud ;, the nO;,. from ('''''''',1 compared to norm.1Cll " .." .ti"n ' lSII'M Card H I

Much mOce . . . . . . . . . 1 13: '1 I 'l ':S" I I!: I 111 ..-7 I " .of" I II ,oS ,
"Mor. " ... . ... . . . . 2) 1..5" 2) 1 .:1. 2 1(, . 7 21~. Q 2 / O. 3 2 1 , , ~ 2 I . 0

Abom the ..me .... . 3 IlJ.'1 , ' .0 3 1;1,7 3,.:2,5' 310.:1: ) ~ , i. J .,
L." ... . . . . . . . . . .. 4 1~. J, , • .7 4 "./0 , i, S • '1. 10 , I • j • • \
Much I... . . . . . . , ... s 3.'1 5 :1.1, 5 /. 7 5 .., 5 .' 5 ., 5
Won' ,I<o"...1 . .. . . .. , • 3 , • I , ., , ." , ., , ,

" Howoften do yoo h.ar I,o"r" "I mm<!? ISh " ..,Cot d ~ 5.)

E•.,yd.y ...... , ,.... 1::11,/,' a 1;101 ', ;l I ~/ ~'$ UIf.'Cl 1 I..'~ , ....
Hm. ' many I;m~.? .. .. " .. " .. "

S~•• ralt;m~. a w••k , "2 ,,,.0 2 ';,S 2 110,5 2:10,f lle.1 2 1. r '2 r.o
S..... lt;m•••

month . , . .. . . , JV•• J ~,1 3 1•.:l ) '1 ,7 3,:l. t:. J ~, (, J .,
Onc. ev. ry few

4 'S;] ., 3.' .7month, ....... , 4 ;1 .;;1. , • , I.- • • I
l .s< oft.n than that 5 ,.•s J.I 5 .' 5 I • I 5 I. ~ s ., 5 • I
m"n' , bO~'1 .. .. .. s .9 , .b s ., , •• , ., s .1 ,

.. *" 0>
' ·' __ 0 ' "

( 'F 103 C
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I I. A.t./.__r ./jrNHC.
-<M_><YIw~

......r _ 10 ,.~ 0U"I/

«,..'u .

.. Da J'O'll>utf_r<~

<Jf"""~ _ men
dunn ll a cert ain nme
of tlwyea:r!
Yeo •••••••.•••••••
NofSbp lOP'I" <J

IIfY~>J

51lftt
traffic

0 .03

Air­
plan..

,,..,
275'.)

b. What",_oftM
JlU' is thaI'!'
fCiKw ,,0 t oW, " pplyJ

Sprinll ' . . .. . . . . . . . . I ..
Sum....... . . . . . . . . ... 2"
FaD .. . . . . . . . . . . . . . J -
WintCT ••••••••• • •• ..-
Other fS~ifyJ_ 1 S •.~ . ...

, .,
l ..
J ....., ..

..., ..
J ....., ..

,. Dayoa Mat t!>em
mare men on oome
days than on
othns?

Yeo .•...... ....••• "'.. 15lI'1 S ."",
No/Stop '0p"" d "'.y 2.,<1. :1 2lnS

IIIY..'

• Wbm is thaI? .. .. ..
.. .. ..

CF t6J D

11 0



H.1i­
coplen

Child~n

a~ 0"." 0 ....

13'1': ,

2U. 1

, .. , .. , , ..•, " , .. , , "
J " , .. , " 3 ..
• " • .. • " • •
s s " s " s ..

- - -
- - "

",.,
YIo.?

- - - "

- - - '"
~.... ..-....~

- - "

- --"

--"
--- "

0- 1(•.1D .....'

III



D."

e. In I/eneral. lakio j(""rrylhing in to ~on,id. ral;on. doe'> the nni... fro m IlDU'UJ ...., bo th..
or an noy you?

Strttl Air· Heli· Children
Artillory traffic plan•• copt... and do&, Olher Oth.,

Ye' . . . .. . . . , . ..... t:lk.> 1::Q'~C 11'11"7 Q~:' 'f l;)3'l Q l i'i','~ I I :'V
NoIR~'"m to Q_/10

2?>i. ~ .1o"kip 10 Q, II"" 233.5 21), J 2 ~.il 2iS, 1, 2 ) .1 l
,ini< h~d wirll oil
,ou re ... li"~,,. , lo all
,nurcn , kip /n Q . /}a.!

I I I Y.,I

f. Overall. hoy,' annoy<d are you b~ noi", fro m I,ou,ul?

E<tre mdy . . . . . . . . . . 5 if:'JI 5 >1~·j "'" s ,+ ~'5 ,4 l"1 5 s:·C S" • .3
Very mu ch .. .... .. . 45.3 4S.r -4 S." 4 s,c -4 ...t , ~ 4 'to a • .1
M,x1... '.ly .... . . . .. ) I0, J .11 . s J1,'i 3 '1 •.:1, 3'1 . :1 3 '1 S J .1
Slightl y , .. . . ..... . . 210, '1 2 4, 3 B .7 2 If. J. 24.7 2~ , II l

g_ ,I!'ap plicable} Why dot<. ,h e noi.. from (' vu..... m OJ r annoyingl annuy you?

___ _ _____________________________." .00

_________ _ _ _ _ _ _ _ ___ _ _ ____________.'H.

fl ,.upplicobM Why doe. the noi•• from I'''~T<~ $~cond- m",' annoying! . nnoy you '

- - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - _ ...-..
-------- - - - - - - - - - - - - - - ----------_...-..

'" "ppli.."h1~1 Why doe-. , h. nni, . from 15"UN:~ Ihi'll-m" , ' a,moying' an noy you'

------------------------------ --_ .,,-..
- - - --- - - - - - - _ .-.
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n. Dtm~~ 1M .. ..... '>l, 'ofK!a , t hrnu ~h f'r l<b y. an y" " ~... a ll,· "'...... " ,,'" aT...",d ..... ~D '" ,be
mornin~ , .. ,i. a t n;~h' !

v.... .
N,, ' U rp ' '' Q

1/1Yr.'

l 'i . >
'.\ I • 0

l>. Do n y of I h~ nn" .. .. e',. l>ttn ' a lk lnll a" "", "'.. her .... a n",» ••.., ,t ..r",~ ' he <la . " ","
around .....n in ,"" "".. n l n ~ h' ,i", n,~I.. •

Y••. . . . . • . ,

~" '_\".\ ' I' ,,, () 1 1,,1

III r ..,1

..

• Wha t n<>i.,,, dol
,ha"

,Cud" ~II '~'" ",'ph'./
Arul k:ry

I t~' ;:l

5 t•..."
tra m.:

2ij; "7
U,IIe. 0,.....-
-- ---
(> ~ ;' ~ 7 'of

d 11,,.. ,ot' r n d.,... ,.... "u, .... , ....... ' " ... .....1boo"" or ann"y ..... d ..nn~ ' .... d ..• ' ('unl • "

h " l"lay "-,, 1 ~ r'·A. Ill"; l 't :', 1l:"1 o") , ". . . " - .. .
H".. man y lim" ! .. .. .. .. .., ...

"2 j ,O
.. ...

~r.1 "m<"I' "'ftk
, I . , , ,., , • 1 2 r , ., , . 1 , .

Sn.ut 11 m..... ;;;',,) .,""""h ,. ... ....... , • I J ,I • Il J .J ·, J
O ncr ... . ty f.....

I .s • I • Imon ,h, •. _•...... • • • • • , • 1 •
Ln>" f' . n tha n

.ho• • . . . . . . . . . • • . . s . ). s s s , ., , s
fD<>« ', '"......' ......... • . I , • • .. • • •

•_ And in ~n.r.1 and Ukin ~ ••·.ryth' '' g inh>""n, idrra, j"n. h,,~ a n n ,,)'~d >.. I',K] b. n",,,,
Iro m , .""......1d..nn~ ,he da)' ~ le .. , oi .)1

E.."'.... I~ ........... 5 l:e 5 I~O 5 1:"/ 5 / 10) 5 I ."~ , '., , 5"V...,. mlOCh . , .. / ." , I . q .. I. ~ .. 1."" .. I . f • • 1 •
Modru 'rl~ ...... . . ) :l8 J I . 1: J :l .t> H,; ) I . II j ., J
5h~hl ll' . 2 1,7 , ., 2 , . ... li S , ., , · , z .,
NUl . , all .......... NJ.O l 'U ' , J l'l i . 1 1'/(', 'i H'f.·1 .-(1.1 IoN. ,

n I..Jf

1I3



DOS

1.1• .
Ar~ you u,ually hum e dur;n~ Ih" d'J on w~·e~~ ~d'.? ~:' '6' ,.. I

NofSk ,1' II, Q. 14uJ / . ,' , . , 2
I/{ Y~,I

b. Do any <>1 the m",." ""e'v<
we"'end,·

be.n tal king abo Ul bother or anno}' you d uring the da y on

Ye'i ~ .~.'.~ I
NofSk,p to Q_ N ul . . , , , '~ " 2

"
II I Y,-"

51=1 Air- Heli · Child..n

< Wh~ t noi"" d n A rti llery lraftie plan'" ellpt"", a nd du!!, Ot h., Other

th a'?
'C, ..d ,",III rhol ul'l'/1'.1 I q :'.;l.. 2/0:"7 J <i\':f 4 'W') 51ll~'O b 9.' ~

,
"

d H"... "he n d,,,,, the on;,. frnm l' ,w n.·.·j both" Oran noy you d uring ,h" day on weekend , '

2 38 2 ; , 0 n 1 2,+.3 2'< . S

",q c " ,-,. "3 ... , J· / 3 , 'Ji .", •

' -- 4 . 3 4.3
.AII, III.I

J , (" 3

2'?() 2 . 3

" ..

4 • I 4
1/ .), &

•

.. ),

II •.;l.,

"......

., .
,:.l II

•s

Every "..,kend .
Hoy.. ma n)' tim, , '

Several weekend , a
month . " .

O n"" every few
month,.

Le.. often than
Thai ,

W on ', howl .

eo And II" ~~"a~1 ~",i '~.'''II "~"'lh i"l1 imo ,·o"sio1~'oti,JnI, how . nnn~d . re you by noi..
from l' fJ~ rc~) dunn;:: lhe d. y on ..·..,'end. ?

E.tr< mely .
Very ma ,·h .
M,>dera'ely .
Slightly 0 •• • • • • • • ••

Not . l . n .

5 )t','0
4 ::! .Cl
J -;.3
2 1, '7
IqO. ~

5 .:l. ',' (" 5 Il" 5 ...1'.,1
4 ~. ~ 4 ..1. I 4),. b
J ~, ,,, J ~,:~ J;I.. v
21. ), 2 /o 't2I ,~
1'J"~ lq /.b I ~ rl, :)

5::l .-"'I
4 :..,0
3:.1, '/
2 1.5
'fI6, .}

51:"1
4 , .f
J I . 7, .,
l'N S

s "4 . ;.1, ", . ),

1'1'1."
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1l.1I.'-

14a, Iluring ! h~ "' ",,k Mond a,
"<lUnd 7 pm In 10 pm'

nr r ...J

Yn. . . . . .. . , ....
NOISAip '" Q, / 5~J

• •• 1
..•.•• 2

..,
.. ,y , •.•..~ " •.;

N" ,,H'I' '', Q. H~I . .. '-I I • .

b. 00 • ..,. oJ lhe,~ ..~. , ~ bet n l. lk in_ .bout bolhtr .... . nnO) ~,... du"n~ I ,,", .....,n,n!r'
from . round 7 pm 10 10 pm9

,1/ y...1 Sir"'! Ai, · Hrli· (" h i l<1r~n

,. Wh. l noi.... do Arl llle? l. ame plan .... (uplen . nd do!!, "'''' O rh..,.

t "' l ~

'Ci",".11 ,A", "l'pIy .J 1tI :'.2 2 1/;'1 l /rt:S 4 . ' ~' I S It~'1 " 'i.~
,

~S

, H".. oh~n.u..... the .........1,""' 1......"' ..' both..,. or ann",' y'''' duronjt rh...u,n jt·

E'<1)'<l.~ .. . .. ...... . I • : ';1 IS:'f 13~ , ~ :OS' I !t\'i , It'" ..
H"".. many ' '"'''<~

.. .. " .. " .. ..
S.....,r .ll i nl~' •

.....k... . . • • • • • , ' n .3 2 '"1" 2 ~ . " 2 '/ . { 2 oj. / ! ;l,. l , • 1
S,.,.,... l limn a

mon lh ............ l!t.3 , ,., 1 I . OJ , >0' J 1. 3 , 1• I J
On<.~ t'On"1 f~

<4 "1I . f .,
mo.ut.. . . . . • . . . . . . . • ., • . l • • • I • •

L....<oh~n' ...n
Ih. , ....•..... s • 1 s , . > s • 1 s • 1 s • I s ·,

In,..,', ...,,,,,,I , • ., , • ,
"

,
• 1 • ., ,

, And lin ~..n " ,,1 "".I ',,*,nl( ••"",,',hlni< "".,(""" .1.."" "",1 . h.,.. ann",«l .or••"" by ""i,.
from ' ...." .. . 1duro njt I,,", ",~ n ,nJl~

E' lf\'1nt'l, .•......... ' ''''' s ,,<j S 1:"1 S.1 :"10 S ~ , /vc , "V...,. m IlCh .••.••.. . <4 ~. 7 4 .; . A <4 ~ •., 4 1 . '1 <4 1. , • t , I • • 1
Modo:l". 'd , .......... N .I 1 ':'• ., l!t" H , S J '1: . 'I' , .., J ••
Sh,htl, ............. 1;1.), z .., 2:1. . 1 2 I.~ 2 I . '; , ., ,
No. u all ............ .\ ...'1 1$) . '1 'Si . ¥ l\ i . I 1; 1. ~ 1'i1. , 1-1'1 . ,

n ,...I H
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DOS
ISa, A'e you ",ually hume durin~ lhe e.e ning un "'ukend, '

Ye. . . ' 7. ·.t. ;.'.1 1
NofSki" , .. Q. 16ai , _.. 2

"

",
. " . . ... 2

Ye'.
r-; ofHi" ,.. Q , Mal ,

b, Do any 0] the nnise, we",'e been ta lking a bnut bother 0' a nnoy you du"n g Ihe ",'en;ng on
"''''''end,?

1/1 Ye.,1

St reet Air- Ileli- Child ,en
A" illery trani,- ~.~ ,-"p ler' a nd du l£' Other Olher.. What noi.., d" that?

IC",k ,,1I ,h", "",,1\' I 1 '1~'" M;1:/ 3 ~/& of'l;'/ 5 Q,'3 to ;~,{, , ~''7

, Hm'.. ohen do,,, the n"i.. l'nml '"" ...·,·1 bother '" a nnn)' yo" dUTin g the ..emng on "'eek·
end,?

Every weekend , ,!:'l 15;9 I ::1.'f I ~ ~''i I ,.,'':i 1CU'" ."S
!l ow man j' II","',' .. ,. " " ,. "

S..e,a l """'end, a
n,nn lh' n .b n. '1 23 . :'J. 2 ~ .If 2.~7 2 :1d •.)

One e " 'ety few
3 ~.~ .7 . ~ , ; .,monlh , ..... . . J J J ." J J J

I",,, ohen tha n
rha ' .. . " """ .. . • ., • ., • .. • ., • • I , • I ,

W"" 'IIt",,"'I . s .s • ., , ., , oJ s ,;, • ,
e, .IInd ' ''' II'·" ....." .."d '''''''1' .."" ....,'h"' l1 ,,,,.. '·"" ."d(·r"" .."I. ho'" a nno'ed are you by nni"

f'on, I." "' '''''' du,il!~ Ihe C" e ", n~ on "cden,h"

E"remely 5 '.5 ." ::l ~. 1.j S I I"" S -:l:~'O 5:2:'5'" 5 ,.'> s ,;
Ve,y n""'h , """ ... . 4,";/ .0 4 ~ . + , , .9 • I • ':: of ;,j8 " 'I

, . A
).1,<lerately n .). J?.9 3 1 . ¥- J ?.:l 3 .1, 7 .1 I . J ."
SIi~h \ly 2 IS z I • 'i 2 I ' .l 2 I . J 2 ,., 2 ., 2
."," a t all . " " " .... . 1'12.7 IS~. 3 l 'n. ~ 1'11 , '{ 1'1~, 7 l iN,,! 1%1

'."'
, .. '".

" Ih.' I
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IHlh

Mon'h y th rough fr iday . are y"" "",all, h"n,,' a' night I,,'m amundIna. During the ,," cd

10 pm 107 a m'
y c >. . " S'I . a
No'Hip ,,, Col- O al _. _.. ~ • .>

,
1

"

II/ Yesl

",
1

.. 3 _io,Z
17~1 , . ..'-I .'1. ! . _

y ••.. . . .
No/Skip /0 Q

b. Do an y 01 the noi" , "·e·... ~en ta lking ,b<lut bOlhor <lr .nn,,~· y"u ,tu"n~ th,>mght I",",
a, uund 10 pm tn 7 a m?

Ilr Yesl

c_ What n"i,e, do
tha t','

,nrd,> ~lIlh.1I ~pl,"'.1

Str••t Air- aeu- Ch,ldre n
Artiller y' trame ~ ~pters and d,,~ (), hor O[he,

11r>'.""I l'!i~i 3 ~.'O 4 'l: 'l 5J.:1~ S "":11 ,
:'"

d Ho'" ,,!ten d."... the n",," tnlm 1,""m'l I"" he' or "nil'" ,."t dll,i ,,~ 11", 1H~ 11t " n "el' k­
da," ? fC" ,J f 51

E..,l'day .. . . . . . . . . . . ."7 l :;l ~.:; ,"q , I I ,q 13:-S , y'l<' , "Hu" many ,ime" " • " .' " ..
Se."al,im., a

"~, . .. .. ... . 2 '1 , Ii H . 'b. 2 , ..;;1. 1 ;J. .? 2 i. 't U.~ 2 ol
S.".,al time' a

month noS 2 ,., .1 I. ? 2 " b .lJ. .4 .\ 1. 7 2 • I

O ne<e"ery fel>
. ¥ . 8 . S .5m"nth , ... . .... . , 4 ~ .I , • , , .7 • •

l.ss " Ile n tha n ,
lhat ... . ... . . _ 5 . 7 5 • I s .J 5 0> S .: ~ 5 • I 5

fD,""' h"wl ........ . s .~ s • , • . I , ,
, And lin Ken..,.,,/ and ,,,k"'K ",·.,,'/hin;: in'" «Jm id'·'~li<mJ. ho,.. annuyed are you by noi,"

I'rom ', "~ rr:eJ d u,i ng the n i~lll' IC~ ,d • .11

Ext"'mely . . . .. . .. . .. S~q. 5a ~'j 5 1:'1 S ~ 1' 1 S'f:"".l 5 1/>:1 5 ."1
Va l' mueh . . ........ . 4~· 1 42. 7 0 ,:]. •I . S 4 'I, .S' q . ;l. • .,
Mcoder.telv .. ... ... J~o'I J .~ . ~ J2.~ .1?. .1 J"o. 'i 2 r , S J ..
Sli~ htly . ... . > 2 ,~ .). , I • , 2 1. 11 21 . -J. 2 10"/ , ., 2
Not at all .. . . . 1:S'l.1 lq /.;1 1'11.' m·S IS7. ~ IQ,.1 IQ'l.3

( F 10.1J
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17a.

D O<>

Are yOll ~, u ally home duri ng the night on ...ee kend,? 9 'I
y . s 'J.~ ~ __ 1
No/Sk Ip In Q. 18/, • • ••• __! .0 2

IJ(Y~JI

"

b. Do a ny of the noi Men talkin g abo ut bother or a nnoy you d uti ng ,he night on
,.-..,ke nd. ? I

yes ~ ( d I
NoISk,p "'Q. 18/ :tS • .O 2

IUYe,'

51"'.' Air - Hel' · Children

c. What no;, .. do Arti llery traffic pla nes copter. and do g, Q thor Other

th at?
ICirr l" ~ll lh<lr apply.) I <i: 1,I 2q~'b 3 ~.>Cj 4 5'.'Cf SO;'" b (.:') 7 '17

d. H,,'" oflen dne, , he nui", f",m (.,,,,,,-<1 bulher or annoy yuu during the mght nn "''''' • .
end.?

E"ery I. 'eekend, •..., I 3\'~ I -;Z\'3 I l .."1 I Si'I I ::I .·f • "••Ho... many tim... ? .. .. .. .. •• ..
S"".ra l ",cek end , a

month 23. </ 24. '7 2 ::loS 2.:t . ~ 2 lJ.7 n: .~ 2 d
Onee .very f.",· ., J ].iImonth' . .. . , J "l . t , J, c a , t , C. .J ., 3 • I
l ...s ofl~n lnan

••tna , , , , , , , , , , . • • • •• • •• • . J • , •
ID",,', ho~'i . 8 " 8 . J 8 • I • • I 8 • I • I 8

e_ And lin ".nerol nnd t"kin~ ,vo'",-,lri"" inro """.ideroti,m!, no... annoyed ace y"u by n ,, ; ,~

fcom Iso"",,1 during the nighl on "e.hods?

Extremely . , , 5 11'9 5 :l.I' J 5 Jl-t 5 t;~ H ;:"1 5 :.l :."O S ~'J
Vecy much, ,, _ .. .. .. . ":<!. O 4 s , I .. l .b 4 I.b •"0 4 :I., • .,
Moderal ely """ .. .. J ~ , 0 J -=I . 'i' J a.c J ,oS as.a , I • , 3 .,
Slighlly ..... " , ..... 2 /,of z '" 2 •• 1 ., 2 / . If 1 · 7 ,
Not a, a ll " " ' 1'1'1·5 1'10 , ] IQ'l,ll l'l 'f , I ISi.1,l IH . J.. I'N. 1

,,,.,,~

' -~ "," '
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I~. Du,;~~ ~ hal h,"", of Ih. nillht Ill' dal'l dn you u.". lly ' l..,p?

' "F......, 'PM .. ...

DM

'"T. PM"·u

". Dor-. ~""...... ~ak. ~'>Il up or p'..... nl you r,,'m fallin~ .,I••p· •

~::iS"~;~Q ».,; :::.}{~'~ . : : : ' : ' : : ' ~
..

"J Yn!

, W hal lK..-n, .. . k. you SI,..t A.,· H. li · (l"M....n
up or p",,'·.nt ~'>Il fron, Anill.,~ tr. nk plan.. ."pler, and d0r- O th., Oth..
folllnll nlerp? ICi,..l~

~III~~, ~N'''' I ........ ' I " ~I 1 'i:"f J '1:.5 of ,, ;tt 51~,:\ ~v."It ,,:,
• . H"" oIt.n d.... tho n....... rmm I.",,»YI ••k. y"" up 0< P""'"'" y"" f""" f. l ll n ~ n fttp.

'0 m' • ,~I

[" . ryd • • ... H" ,., ,
" I :J ~." I , :'<l ~. ~

H"" many In" ..' • • • • .. • •
~al"'n... . .. ""'k . "2, .1, , .., ,.'" 2 , .7 2;.0 , :;.o , ·,
~.... I 11 m... . mon th J <0, J .. , ) 2.1. J J.. , J ~7 J ". ,

• •
On«"'."1' f.-. mOOIM .. " oS • , .1 .. 1.7 of I .Y .. 1.7 •," • ..'t o'. "tt.n Ihao Ihat S ., S ., S " S ., S ., S . 9 s "1/), ,,,', J",....., . , • I • , • , • ,

, H"" an~ .... by- ,_»YJ Inl... fM'i~R .lIh ' ·.... r \ltt-p 1fT""" ....... ..,. '"
..

~ •
..bo....l· ,c..'" 161

[ . t«m.ly . .. . .

N"'a. all ...........•

5 ~i' l 5 7 1'~ 5;U"J 5 1~' ~ 5.rn;, ~ svv S H
.. I. t of .l." .. I . ~ .. ,.'t .. ). . S • 'J. C • . >:n. '" ) 2.1 ) t , 'I ) I." J;•.J J l • .s , ..
" .. 1 I. (l , •• , ., J .. 2 , ., , . J.
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D.07

Dr..,; noi,e e,'cr 'nterl"" uith ,'ou r li'lf,..ng to r:ldio or TV? S' A
~os . .' ' 3 \l:"~' 1
r" of5~'(lf"Q , 2 / ~!. ~.," ' , 2

f/l y, -,"!

..

b. What noi,e, interfere
u" b y" ur ]; ,'.ni,,~ to
rad i., " r TV? 11',,,,1.·
"II ,h,,, ~l'l'k! , ...

Artillery
St",.,
Ira ftie

2 rWO

Air· Holi· Children
plane, ~lpl e" and dog' Olber Other

7 ;'5
'...

"' ''',0'
I " x:.

,', H"" ohen d ,,,,, ,h. n"i,. fr"nJ f,,,,ur,,,,! i n re rt~r. "il h }'our Ii"enin ~ 10 radio or TV? fe ~rd

• 51

f', ery,la, .. . . .. ... . . . '" t ~1'J ,,'" I "/ :'3 1 I .'( 1 I l'7 1 ...
Ho" many lim.,' .. .. .. " " "

S.....r. II' m. '. " .ek . .. . 2 I.' 2 .J. , ':: 2 S', :l 2 i"•.:; 2' 1. 1 2 1, 7 2 .,
S.,'.ra l nrne, a "",n lh . . J ~ . '7 j 1., J ~. '1 J 4 .3: J . 7 J ~ ,0 J
On'" .v.ry f." month, . . • , , J. • ., •1• ~

, ,., , ., , '" • ..
L." ntkn than Iha' .... s . 1 5 • 2 5 •• S •• s ., 5 ., s
10",,', k"""'1 , ., , , , , ,

" s

• He'" annoyed .re y"u hy' "nhe from l,uu "'~1 Interferm~ ""h Ii".nin~ to r.d io or TV fr...
p<~' ~",~'er'" "r "h",.,,! ? rC"rJ .01

EXlremoly

Not al . 1t ,

S I~ 5 I 'j~ S ;~"S" S 3-~"l S 1. ';1 S ~ ;"f s .~

4f .'i- 4 ,:1, .0 4 :). .9 4:),'1 , •• 4 1.7 • .,
J ".o.f .I z, oj J oj- , 'l ) 5.> J ., ) ;:1 .5 3 .,
2 , . 1 2 .,

2~., 2;1, .7 2 • • 2 I .-!. 2
I'll. ~ Iq"-!.. ~ , ,< In.'1 lql",'l I'/J./ I%S
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d. II"" a n n(Jy~d "'~ yo" by f",u,e.! ;n!~rt'r"nx ";lh cnn"''''.t; ,," 1" '''''ul U' ''k','' I" "c"
uh,,..! ~ ICum _M

hlnmtly . • • • . • .

No>! at all .

5 /:~

• · 7" ·S, .,....,
5 • ~.~

4 I. ~

J I • 'i
, •S"".,

5 =ll'S

•I.'J"l. I
2 loS
IQa.f

""• •7,.,,.,
lq""q

s uv
4 •• (';
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! d
1'11. ,~
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b W h~ , ~",,,",, , n ,m,..~
~ nh ~ r "".d•.,.,
",,'n " ",nd y"....
~la M"'.nl?
'0,,'''' .11 ,••,. , 'pfo'.I .

An ,lan.

I l :s, 2 ~O

d , Tak , n~ C\' .r, lh;n ~ in'" c"",od~ r . l ..,n. I" ... " t'cn d ,..... 1M no"", lro.... , .. ...,,·.·1 inl~, f~r~

.. ilh yOIiT a« ;" " ,,, OIlI·"f- d'M"'? 'C.",J ' 5!

E. cryda y , , .
Ho.. man y l im., ~

SC\'~rall ;m., a ",••k ,
Sc...al, ;me' a ""'"Ih
O ne""""c ry le.. m"",n, ,
L... , nH.n lnan ,h., .,.
,f)"" '!k ,,, ,,,'! .

• . ,<f
•

2 1.$
J . ,
• •5
s,

,.
•, ..

J . ,
• •5
s,

. , H"", an""!"d a", ~"'u by I",~f'<'''' 'n ,~rtrt1n~ " , lh your oo ld",....c. .." .... , ...."""' u". ....., '"
··J·· u"' .....I? le u'" f e l

""' ~ • •11 .
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lCJf.g
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2J.
D"

~n_ at . ibn'ion ...... ma h your hwoe rattle or ~hakc ~

yn. .. . . . . . . ••••••..1.J.·.Q 1
lIIo /Skip to 0.14"' J.b•. ~ 2

..

b. W bu lloi1.n make ,- Ao· Hcli· Chlldl'tll
J'OUf hou>c rattle Al1 llkry traff>c pl ane>~ alld dT 0"',, 0"',,
« ohakc? ICi-eh
11111"", ,,#plyJ .• , ....• "'''' 2/ ;0 J" ~'J 'U~:/ s " b:l : 5 7 :;l

<. H.... otlc n don , .... n_ lrom ts"","1ma ke your hOll~ ranlt or .lLlok," /C"NI • 5/

E......yday •••• •••• • • • • ,,,.. ;', I .:oq " .. .. ,;, ..
H_ ......y'i....,.~ .. .. .. .. .. .. ..-

"2 3.1~aJ times a .. ...,k . . .. 2 I'.1 , •• 2 ;(.\1 , , .7 z .,
Stw:r al'i...... a mon, h .. 3'<1.3 J ., J V i H ·1 J J .{ J
o~ ...ery f...· month • . . -4:1.;.3 • ·, ' :2 .' 4 1. g • , . •
In. oft. n than Ih. ! .... .5 't.' s ·, s ., s . < , 5 ., s .,
{D'''' ·I * ~o'''' ..... . .. . 8 / .0 , s , , • "

,
d . Ho... .a nnoyed . r<: ~'OU by I, ,,,,,,",,! makin~ your h'>\l'. raUle or , hak e {"'{¥UI "~. ..,, W "c"

urnlYe!? (Curd _6/

EUn'm. ly , •. ,. ,

NOl. l aJl ..• .. •• • •• • •

.5 '$1'1 s .. .5 :!PI s ~ ,,'i: 5 .. 5 ,0 s ..
-4 1 •.y , •• . ~.O 4 .:1 • • • • I • ., ,
)H..J J ·, aa ,Il J '{ . 11 J ., J ., J

2 ''''.,
, 2.l .¥ 2 I . 'l , 2 . 1 ,

ifl·9 11 '1 .0 ,,~. 1~". 3 ''''''1 IcP .<J ICM.r

CF If>,)P

114



". A, fa. a, ..... h mo. . h.. noj", <" . ib'al,,," ~~. hoal or d.",.~ . "vth'''M,n ~..ur h"..", ~
. yc, " , .. :.F•.'I

S
1

NOiSi ll' ''' Q 15J. . . 1 ~ _• . . . . . . . . . . . . . 2

,.

l it y~.1
b. Who, no,,",(0' ..hrali"n l did ,h..9 --------------- ,...

------------"...
---------------- - - ----- - - --------------""
~----------_ ..

n ,•.1 ()
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,.I'hoM' C~ "J" f" ~"J f ~ '0'Q'''-'''''''' )5-210

2~._ IJ",,, n' ,;" ," '" ":,, tI. y'oll? .s , .~y~, .. .. I ..
ro<"'-H if' ,,, 'J 2rJ"i, 5 I, . 'f: .. _2

Sin,,' fur · Iid i Ch ildr.n

• WhJ1 o"i,." I"" I• " ,, ;11 .,\ l,arr,,- plan,,,> ""p'e" "",t d,,~, IIIh", Olhe,

}'ou ? 'C" eI,-" II
,hu' uf'f'kl , , 0..1/:1 2 '!::;j 3 't~'1 4 »s 51:1 ~:>!.l

, ;'6

,. H,,... " tk n d,,,,, the "";,, f,om ,-",,,,,,,,) , la r1 k }'''u'' 'Curd . 5!

Fy~ryd a;' " " .. ,
,.., •• '" , ,.

"
;. ."

Hmo many lim. ' > .. ,. .. .. .. .. "
Severa l t;me" "".,-k , 2 .:1 ,§ z ,, / 2 ,.0 2 r , C 2 . 7 , / ,, 2

SC'Y .n<l t;m.," """"h 37. 7 ,
'" J J . 0 ,

," 7 ., .1 1.l. 7 .,
0""" <'0';' f." mun,h , __ 4 "l. I , •'J 4 / . '~ , , q • ., 4 1.0 , , /

U" ohe" th" " th,,[ , ' S ~. '1 , ., s ,., s , , s • I 5 1.7 5 , 1
mon ', h''' K-} , , , , , ./ s • , • .I ,

, H"" "nn,,}'cd "re V<JU .II h,'in ~ ,t"" I«1 hy ,,,,,"",-! ,,, ', ,,',,, u"," ',-, ' " ",' ' "hm'..r' 'Curd

'"
E>trrmd y s 5':~ , / ~',1 5 / ::1 , / ~' 'i s ." , Ub s ;, /

q,\ , ,., • • 1 , .' , , 3 ,
"

,
J 7. 7 ,1 3 I , 'i ,1 I , 0 7 oS , I • ;l, 7 "
2"'l 2 •• 2 . q 1 , , 2 ,1 1 , , , . I

N"ta t ,11 1'17, I'll,. I "If.7 1'!10,'/ I'/S'. ,~ Iq>', t; I'n.,!
--<0 ,-
,." ,
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APPE/jD I 0:

DE SCRIPTIONOF MON ITORING SITES AT FORT BRAGG

Site 1

location : Western border of Fort Bragg and Chicken Road

/jalllt' : Chlch n Road

Spec j f ic l ocatj on: 50. eas t of western border ,long fi re break ~ 100 •
so ~t h of Chic ken Road

Gr1d Coordfn, tn; 506,823

Dfrec tions: F r~ inst, ll,ti on ca nto~nt ' rta t ake Plank Road west to
junct ion of King Road. Ki ng Road north 3.1 k t o Chic ken Road ~ west 0.8 k on
C/l lcken Ro, d t o fi re break ; 100 '" so ~ t h on f lrt brf'ak. Mon i tor wi ll be
located on tas t si de of f jre brt, k.

Si t e 2

Loc,tl on; Aberdeen Antenna Fa na

Name; Ante nn, F,1'lII

ssec t r tc loca tion; 500 .. eas t of Antenrl/l Fana along rcee to Anttnrl/l Fann

Gr id Coordn"t es: 490.873

Di rect ions: Fro- fns t , l l ,tion c 'n to~tnt , rt" ta kt Pl,nk Road west to
Ki ng Ro'd ~ Ki ng Road nor th 8 k t o dirt road; 2 k we st on dirt road.

COMments : No power, no bui l di ngs nearby ot her than Antenna Fana

Si U 3

Location : So~t hern bo~nd a ry of Fort Bragg and Ruford and Vass RO,d

Speci f ic Loc, t ion: About 500 '" west of Raefor d and Yass Road , l ong mili ­
t ary re servet ton boundary on fire break

Gri d Coordi nat es : P~ 606 , 789

Di rect ions: Fro- Ins tal l , ti on c,ntonm~ t , rea to Plank Road east to
Ra~tr St, t io n 1~ south Raeford ' nd V'$S Road t o j nst,1 1, t lon boundary; wes t
500 .. on fire break. Unj t locat ed j ust north of fire break.

ConIPIt'nt s : No power or bui l dfng nearby
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Bl ue bo ~ locat ed in
run through vent
meast of carpor t .

SIU 4

Grid toordi~ates: PJ 699,800

Dinrctio ns: Fra. inst.l1.tio~ canto~ent .re., ta ke Pl . ~ k Ro. d we st past
St . Ml!rf91he drop l one to unn~ I"(HId l eadi ng south to traUfo r p.lrt<; t ur n
nortA . 10n9 et -t road ZOO • put 8 u~ . Unit is t ccetee in tru s bfoslde road.

C~nts : No pOWfo r or bul ldi"1s rfo.rby

Si t e S

loc. t io n: Town of Abt rd~~

Na",e: Aberdee ~

Spec ific locat i on: 11 0 Montford Road, Aberdeen, NC.
storage shed ne~t to carport i n backyard. Cab11ng . 11 1 be
near to p of roof ; No. 4921 will be loca t ed al on9 fence 100

Gr1d Coo rdi nat es: 436,894

Di rec t ions: From instal1 at10n t ake St ate Rout e 21 1 we st ~ at j unc t10n of
State 21 1 and US SOl and US 15 turn nor th: at j unc t io n of US I cont i nue north :
t urn r ight on Montford Road. f irst 8apt is t Church will be on t he right s ide
of s t reet . Go 1 block tast ; house Is yel l ow wi th . hi te t r l• .

COI'II'I"nrs: Hone

51tt' 6

location: To wn of Southern Pi~s

Nut : Sout hern Pints

Spec if ic location: 385 E. New Jfo r M'Y. Soutllern Pines. ""ni teri ng un i t
wi l l bfo placed in tht garage; ho. 4921 . il l be pl aced outsl dt of garage wi t h
cable running th rough wfndo- in garage .

Grid Coordinates : 4 7 3 , ~3S

Di rect ions: r~ ins t al l.tion t ake Sout hern P1nes Road to Morgantown
Road to Sout hern Pines; at Sout hern Pi nes t ake May St reet northeast unti l New
Je rsey; sout heast on Ne. Jer sey t bl ock. lieuse l ocat ed on t he corner of New
Je rs ey.
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SitE' 1

Locatio n: Sout her n installation boundary and Merch1 son Road near Simons
Aray Al r fiE'ld

Specific location ; 200 ~ north northE'ast of Installation .,rker along
Atl ant ic coast l ine at Merchfson Road

Grid Coordinates : PJ 881,885

Directi ons ; Froa Fayettewil l e, take Merchl50n Road t o instal lation boun­
dary; conti nue nort1'west t o first pawed road lUdl1l9 IlOrtllE'ast; follow roold
ower rai l roold tracks ; takf dirt boundary road al ong tra in t racks to Ins tal la­
ti on ~a rkfr cor nE' r ; sitE' i s leD m~rthfast .

CommfntS; This fs a hE'li coper si te; no power or buildfngs nfa ryby

Sft e 8

l ocati on: Town of Pinehurst

~ame : Pi nehu rst

Gr id COordi natE'S; Pit 400,960

D1rections : Froa circ l e nortllE'ast of Pinehurst, ta ke Sta t e Routf 2 west
~ PinE'hurst ; t ak f right at second paved road (shor t road) -- ~y be located
hy fire hydran t i n ~edi.n; go nor thwest 2 blocts to {vfrftt Road ; l E' f t on
rverert Road to tll1rd house on r ight . House rs wh ite wi t h green shutters.
Mon i tor located i n garage In bac~yard. ~o . 4921 located i n yard.

Ca.ments: The power swi tch . as taped to prE'went acci dental turni"9 off
of l ight whi ch . i l l bE' uSf d to rf cf lwe power .

~ i tf 9

location : Town of Raeford

Grid Coordi nates: PJ 605,111

Di rections: From the Installation , ta ke State eoute 211 WE'st ; t ur n nor t h
at junct ion of StatE' Route 211 and U.S. SOl and U. S. 15; conti nuE' north at
j unc t ion of U.S. 1; turn r ight on Mu.ford Road. First Bapti st Church wi l l bE'
on tIlE' r ight sidE' of thE' strE'E't . Go 1 block east; neuse is yE'l low wi t h whi t E'
trte .

co.-nts; Ilone
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Sitp 10

l oc. tlon; ( l ifo. l t Ro.d

Gri d Coordl n. t tS : PJ 767,7B8

C-"'U: Powr

51 te 11

Locat ion: 613 Vll tshl~ Road

Grid Coor-d1 n. t u : PJ 866 ,191

t~~ts: POwtr

Silt 12

Loc. t lon: For t Br.gg

~_ : Brown

Gr1d coord1n. t t S: 911 ,823

C~nts; Power

Sitt IJ

t ecettce: 1 Ilo....ndy Dr . , for t Bragg

loa. ; No.....ndy

Gr1d Coord1n, t t s: PJ 810,889

t _ nU: »ower

SIt~ 14

Lot .t1on : 205 Souft r , For t Bragg

lIamt : Santos

Gr1d Coord1natts : PJ 845 ,914

Comment s : Power

14'



SH e 15

l oc.ti on: Pope Ai r Force B.se

J&a_ : Pope Air Force Il.1 se

Speci f ic l oc. t io n: Just of f • •i n runw.y

Grid Coorcl i nltn : PJ 623.952

C~n ts : 11'0 powc> r

Slte 16

loc. tion: 54 13 Si!lnstone

~.~t' : Col l ege l.ke

Gr id Coordi na t es : 912.901

Comment s: Power

Site 17

l oc.t ion: 925 Sunbur t Ave .

~i1..e i Wilrrtn l .ke

Gri d Coordinates: 905 .8115

C_ nts: Power
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APP[ liliOlX E:

1i01 S[ MON IT OR OPERAn OIi "

START ' Ii~ MON ITOR PROCEDURE

1. Set up syst e. accord ing to block di agra•.

2. 4921 Se t Up

a. Set power s_itcll to Elt
b. Set pol ari zat ion switclI t o 200
c . Set direct , A-W(' ig t>1ed svl tch to direct
d. Set gai n s_itch t o 0 dB
~. Set calibra t ion + 10 dB pot to m~~ gain posit ion

3. Abbrevia t ed Cal ibration S~ry

a. l [Q-SEL s_itc h se t to t EO
b. Obt ai n co r r ected calibrator level from th e 4 ~ 2 I t o be uSl'd w1th t hi s

stati on
C. Put functi on switch to cali bra t i on level and ent er th Is value in to

cel tbr-a tt cn level en *1 & ( II ~ 2

d. Put functi on swit ch t o ecne of operati on and sel ect t h II cal (Mode 0)
e. Al lo w 5 to 10 sec and then press s~mp l e swi tch
f . Re peat procedure for ell . 2 cal ibrat i on (Mode 1)
g. Change f unc t ion to gain constant s and read ( h f 1 and ( II IZ values __

sh<l uId be close to 40 dB
n. Put funct ion switch to mode of opera t ion and selec t sound- level ae t er

l lllOd~ Z)
I . Change funct ion switCh to most rec ent val ue
j . Whil e holding d~n reset swi tc h. ver i fy th at Ch . , &Ch . Z ~ad 90 .0

or 89. 9 dB

4. Abbreviated Set Up S~ry

a. 00 not set up at ni~nt f rOll 10 ~ to 1 •
b. Set eh U si gllll l i npY t to C
c. Set ell . Z signal Inpllt to A
d. Set analog inpll t selec tor t o ( II I I (goes to bot h t il . 1 and til ' Z)
e . Se t funct ion swi tc h to ..ode of opera tion -- /!lId Sf'lK t JlOde Ii
f. Set funct ion s_i t ch t o pt'lIk ee t ecto r ar.d enter In th ' 1
g. Enter 105 dB In (h ' 1 threshol d
h. Change funct ion swi tc h to a cc~ul at i on t i.e lind ent er Ii . in
i . Hove funct ion swi tch to s torage fo~at and enter 7751 (octa l)
j . Set function swi t ch to days (present ti_e) enter day (J ul ian d~te )

L Set func tion swi tCh t o hour s; enter pre sent t i.- 111 hour ~ (_il ltary
tf_e 5 :00 pm ~ 17 lid

1 . Set func t ion swi tch to .i nutf' S; ent e r in etoutes
fl. Set wind speed detector to 18 r. ph

• Wi ring diagrams arf' gi vpn i n Fi gure s EI and EZ.
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--~ CH # 1 FILTER OUT

SAMPLE TIME 12·V BATTERY
-.2.-

l J \ ()SONY GREY CTAPt: BOX

/jRE CORDER
MONITOR

J I

WIND
METER

TAPE MONITOR
CONTROL

STRETCH
OUT 4921
CORD TO
MAXIM UM
LENGTH

SET MICROPHONE AND
WIND METER CLOSE
TOGET HER

FIgure [I . Mon itor hookup .
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n. Unit is now re ady for t aking data i n 6 min bl ocks. with the min i sampl e
t r igger ing on sound leve ls over 105 dB

o. Set ster-t t ime and check next st orage block locati on to determine that
t he unit has t aken a block of data

p. Turn function switch to minutes and check that the clock 1s working
properly

5. '!!p'!' ~Re corder Set Up

Mi nisample

•• Mic l i ne switch set to line (ri ght side of tape recorder )
b. Hono stereo switch set to stereo,. Ta pe selector switch set to no rmal
d. tepe reccrder operat ional switches set t o forward rec
•• Load cessette

(1 1 Load cass!.' t te into casset te record!.' r
12 1 Set tap!.' recorder on record
13 1 Check record l ev el; it should be at midpoint
14 1 Cl !.'ar tape counte r
lSi Advance tape to a count of 2

6. Checking St n t Up

a. When st art t ime occur s:
(I ) Check that di splay cl ears
(2 ) St andby light goes out
(3 ) St ar t l1ght turns on

b. Cl ?,p loudly n!.'ar microphone for J sec; whi l e cla pping yel l 'st art .
star t.

c. Check tape recorder count er to see if tape ad vanced
d. Cl ose up blue bo~ and 4921 and w1re both shut

7. Monitor Dany Operati ng Procedure

Caution Not e : 00 not change 12-V battery (if used) unti l after dumping data.

la o Approach systl.'ffi; yell "Oump·Oump -Oump" loudly and make sure the m1n­
isample t ape recorder is t aking data (the yel l s have to be spaced t o cause the
un 1t to t ake a long block which i s over 2.5 sec); if the blue bo~ i s pl aced
some dis t ance from the 4921 microphone, the m1n1 sample tape counte r wi l l have
to be used t o asce rta in that the un it 1s worki ng properly

b. At t ach ground w1 re from interface to bl ue bo~

c. Attach i nt erface cabl e t o bl ue bo~

d. Set f unction switch t o next st orage block l ocati on and read t he value
e. Change function switch to "vt suet data display starting lo cat ion ";

enter a val ue t hat 1s about "X f of blocks" less t han the value obt a1ned 1n
reading the s to rage block location; to find "X !I of bloc ks ," subtrac t S:OO
f rom present time and mult1ply by 6; t he block ~ ' s wrap around at 292 , so t he
operator may have to go thrOU9h t he cross- over po1nt to obtain the correct
bl ock f ; aft er t he block f Is entered; observe visua l display for t he Ch ~l

and Ch '2 LEO val ues, peak. and dB ti me; t he reason for thi s test i s t o chec k

149



t he noi se l evel of the sys tem; t he operato r should expect levels bet ween 50
and 60 dB; if t he levels are hi gh, further checks should be made t o determine
if there are problems wi t h the sys tem ; record l evel s on the data sheet

f , Set ~a gra ta pe recorder speed to 7.5 ips
g. Open lever ( ta pe drive swi tc h) and pl ace t he record pl ayback swi tCh

to reco rd ; observe midscale or higher reading on t he VU meter
h. Sta r t t he t ape reco rder and al l ow recording of about 10 sec of to ne

before pushing t he dump switc h on t he i nterface box; moni t or t he data by
eithe r (or both) plu ggi ng headphones i nto Wagra pho ne jac k or observi ng ext e r­
nal data outp ut s tar ti ng l ocation (bl ue box) i nc rement as each bl ock is passed

2. Afte r dump:
a. RPmove ~agra i nte rface and ground wire
b. Rel oad mlnl sample recorder with new cassette
c. Press forwar d and record swi tches on mi nisample
d. Ypll into mic rophone "start, sta rt , start ," (the yells have t o be

spaced long enough t o create a l ong bloc k wh ich i s over 2.5 sec) ; observe
correct opera tion of mini sampl e recorder

e . Wai t at l eas t 6 mi n and observe next storage block loc ati on for
t he inc remented bloc k *
8. Oumping Data..

1. Chec k min i sam pl e
a . Open blue box up and notl' ta pe counter on mi ni sampl e t ape
b. Clap lo udly near mi crophone and yell "Dump-D ump" tcr 3 sec or

more
c. Chrc k mi nisample t ape t o see if I t has adva nced

2. Dum p Data
a . Set function swi tc h t o next sto rage bloc k location; rea d value

and record on data sheet
b. Set functi on swi tch to exte rnal data outp ut sta r t location; read

bot h black and DNL values ; reco rd on data sheet
c. At t ach ground wi re from ta pe interface t o blue box
d. Attac h i nt erface to bl ue box, look at blue box dat a connecto r;

linE' up cables carefully ; do not forc e
e . Check Nagra ta pe recordl'r

(1) Record speed at 7. 5 Ips sta ndard
(2) Wh i l e recorder i s set in t est mode, chl'c k VU meter to see i f

at midrange or hig her
f. Record Da ta

(1) Sta r t tapl' recorder
(2) Reco rd to ne for 10 SI'C
(3) Press dump swi tc h on Int l'r facl'
(4) ~ote th at external data out put star ti ng l ocat i on for bloc k

data advances
(5) When exte rnal data out put st ar t i ng l ocat i on for bloc k stops

incr easing, i.e . whe n it reaches next s torage bloc k l ocat ion, wait 30 sec and
t hen tu rn off t ape recorde r

g. Remove Nagra i nter face cable and ground wire
h. If us ing 12-V battery , chanqe battE'ry NOW ; am p neter Should read

between 0.7 and 1.5 amps
I. Load casse tte
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(11 load casset t e i nto casset t e rt<order
(2 ) Set recordtr t o record
l3J Check recorder l evel
(4) Clear ta pe counter
15} Adyance t app count er t o Z

j . Test minham ple
( I) Cl ap lo udly near mi crophone for 3 sec; whil e cla ppi ng, yell

"st ar t - start , . . . "
III Check m in ls~mple count er to see i f tape has advanced

k. Close up blue bo~ and wire shut
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START UP OF UNIT

1. Power On

Tur n powe r swi t ch t o AC/power .
Check f ollowi ng items:

Di sp l ay should show 6414
Standby l ig ht is on
All other lights off
4921 power me t er is i n the green
If ba t t ery powered , t hen amp met er should read between 0. 7 and

••
b•
c .
d., .

1. 5 amps

2 . Set Fro nt Panel Switc hes

Set Fro nt Panel switches to the following setti ngs :

a . LEQ/SEL t o LEQ
b. Ch,1 Weight ing t o C
c. Ch n Wei ght i ng t o A
d. Analog Input
e . Volume Cont r ol to CCW -OFF
f. >l i nd Spee d to 18 kph
g. Ma st er Slave to Master

3. Cal ibration and Ched of Cal tb ret.tcn

a . Obtai n calibra t or l evel f r om 4921
b. Place t his value into cal i br at i on level from Ch "'1 and Ch 1i2
c. Set mode of ope r at ion t o mode 0 (cal 'i br a t t on Ch ~ll

d. Whe n it i s Quiet press s ta r t; wait 5 sec ; pr ess sample
e . Display 9ain co nstant for Ch n
f . Repeat d and e unt i l gai n co nstant stops varying
g. Repeat d . e , and f for Ch ~2

h. Set mode of ope r-a ttcn to mode 2 (Sl M)
t , Check most r ece nt valil e s of Ch U . Ch 11'2 . and peak; they shoul d

vary as the so und r ecei ved by th e microphone var i es ; sampl e l E'ngt h should rE' ad
-10 .0

J. Hol d down re set swi t ch wh i ch shoul d acti vate cal i br at or ; check
mos t r ecent val UE' S; Ch iiI and Ch n shoul d read the cal i bra t i on 1evet ; pea k
shoul d be 3.0 to 4.0 dB above calibra t or level ; sampl e leng th should be - 10 .0;
t hese values should not ch ange as long as yo u hol d t he switch down and t here
are no l oud sounds occ ur ri ng

L aet eese r eset switch whi c h deacti vates the ca l i br at or ; t ne most
re cent values should re turn t o th e l evel s noted i n step i

1 . Hold down wi nd t es t switc h; t es t l ight should l i ght; chec k most
re cent val ue s; Ch ; 1 and Ch ; 2 sho ul d be set to their ga in const ant as seen in
parts f and g; peak s houl d be unaf f ected; sampl e l ength should go t o - 44. 0

m. Set functi on switc h t o peak detector channel / channel l th r e shol d;
set peak de t ect or channel to 1; set t hreshol d to 102

n . look at most recent value Ch ;1; i t s hould have t he same values as
seen 111 s tep t : press start switc h and r el ease; t he value for Ch #l s houl d go
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t o zero i f there are no l oud sou"ds prese~t; standby 11ght should go o~t ;

sta r t 11ght shoul d go on
o. Stt function s. itch to aod~ of operat lon; set aod~ to 6; dO t his

t. lce; -a~ b light and st andby l ight shoul d go 0"; al l ot hers shoul d be off
p. Load ln 6 ~ln for accumul at ion ti_e by 5e t t i ~g funct l o~ s. i tch to

acc~u l a tl on tlme; set functl on shl f t t o bl ack Ind load b l~to accum ulat ion
time

q . Set s to rage fOMm.t t o 77 57
r . Set present and st art ti~e

{II Set present day and st ar t day to t he curre nt day of t he year
{Jan I is . 11; use sheet a ttac~ed to top of li d to obtain current day of year

(21 Set p~sent hour t o the current hour ln .l ll ta ry t i~ fo~at

{2 p- i s 14CO I
IJ I Set present . i nu t es to the current . i ~utes (0 to 591; wr~n

you l oad i t by press1ng e~ecu te , the uni t . ill start count i ng fre. t hat polnt
(41 Set s tar t hour to the hour you wl nt t he unit to star t; t he

sta r t minute shoul d be a ~ul t i pl e of 6 . i nu tes; 1.e . 100, 12,24, 36, 48);
the refore if the present time l s grea ter than 48 . your st art t ime wi l l be t he
next hour; If p rese ~t time l s 1350, your start tlme woul d be 1400 thus making
t he st ar t hour 14

{5 } Se t the st ar t minut e whi ch you detenRine i n subsect ion 4
s . Insure unit was set up cor rect ly by rechecking ~aluts loaded in and

swi t Ch sett ings
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APPE NDIX F:

OBTAI NI NG OPlRAT IONAl DATA
FOR THE FORT BR AGG SURVlY

Fort Bragg operation data were collec t ed as d!'sc ri bed in CfRl Technical
Repo rt N-82/ADA0804 24, Compilation _of_ Ope r ~ t iO Ml Blast Noi se DHa, by J .
Mc Bryan. Data wer e col lected at F o~r·agg for t hree reasons :

1. To compare bl ast nois!' contours for a l~year peri od with t he
responses to t he CAS.

2. To compa re the results of a "po int" rout i ne with the data obtained by
t he noise contour s at Fort Bragg.

3. To obtai n dat a to be used for a time series analys is.

To obt~in t he data needed for 1 ~bove. it was necessary to create a dat a
ba se for t he year before t he community attitudi nal survey. This w~ s done sim­
ply by deleti ng the MI98 howitzer dat a and by i ncreasing t he number of rounds
to the rig ht number of ope rations for e~ch gun type.

The data needed for 2 above were obtained by determin ing cor rect, accu­
ra te dat a for t he t ime per iod tha t the monito rs were operati n9 at Fort Bragg.

The data handled for 3 abov e used all collected data; howev er. some
'smoothi ng" of the data ocurrec as choices were made when distri buti ng rounds
t otal s t hroughout t he year.

Fort Bragg ope rat ional data were t ak en from fi ve sources :

Dat a Base 1: Range personnel provided a yearly summary of operat io ns
(Table FI).

Data Base 2: Ammun i ti on issue records for t he year dur i ng and afte r the
survey (I August 1978 to 31 July 197 91 were broke n down by unit and by day
(Table F2) .

Data Base 3:
operat ion. and the

Dal1 y acti vity 109S of the unit , day, lo cat ion
t ime of the operations wer e collec ted.

of the

Data aese 4: Range request forms were t ranscribed by CfRL per sonnel.

Data Base 5: Fo rt Brdl g Forms 1954 (Acquisit io n of Opera ti onal Bl ast­
Noi se Datal were collec ted Figure F1 ; summari zed in Table F3).

Table F4 summar i zes the type of i n fo~atio n cont ai ned i n the above dat a
bases.

Usi ng these fiv e sources of i nform ati on, the fol l owing t hi n9S were done :

I. Data Base 5 -- Form 1954 (developed joi ntly by Range and CERl person­
nel ) _~ was used to identi fy uni t s in Dat a Base 4 t hat had not turn ed in Form
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teere Fl

Data Base 1
Range Personnel Da t~ Bue (5 Novl.'I11ber 1979 )

No. of Rounds per Ye ~ r

'~u n Type De scr i pt i on FY7B FY79

1 105-"", howit zer 50 ,2 9B 62 . 918
3,7 a- tn . howitzer 10 ,62 5 4, 501

4 175-1ffIl gun 500· 1, 950
6, 5 ,2 155-1ffIl howltzl"r 19 ,448 23,756

a 155· 1ffIl howi tzer (M1 98 ) NA 20, 459
10 Small TNT
11 Larqe TNT
20 60-1'IJl'\ so r-ter 9 ,880 6, 564
22 81-"", mortar 65 , 581 66 ,419
13 4 . 2· i n . mortar 32 ,264 18,209
50 2.75-in. ro cket
53 LAW
54 T"
so 105-lTIII t ank gun 6,017 4, 518
92 152-lTIII t~ n k gun 9, 426 B, 173

*Only one t ime per-t ed, number of 175-"", gun rounds ; usuall y two 1{2 weeks
(March . Apri l ) and (Se ptember , Oc tober).

99

562

4, 506
7,285

Tabl e F2

Summary of Data Base 2 (O btai ned Ouri n9 Fi el d Tr ip , 30 NClv ember 1979 )

RCl unds I ssued 1 Augus t 1978 - 31 J ul y 1979

TPT (I ner t)Gun Type Desc ri pti on HE ILLUM we-
1 105- "", howitzer 48,684 1,564 3 , 156

3,7 8-1 n. howi tzer 2, 145
4 175- "", 9un*

6 ,5 ,2 155-1IJI'l howitzer 15, 094 709 ' 26
e 155-1rI'll ho" i t zer (M198 )*

10 Small TNT
11 Lar ge TNT
20 60-"", mortar 6,609 23S 330
22 81-"", eor t er- 38 , 189 14, 059
13 4 ,2-in . mortar 9 ,375 3,020 6 .27 4
SO 2 .7 5·in, r ocket 9 ,766
53 LAW 14, 716
54 TOW SS 33
90 105- rml t ank 9""
92 152· "", t ank 9""

*Marines bri rigilIe i r own r ounds .
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Table FJ

Date 8ue S
IFo~ 19S4 -- 10 Ja~uary 1980J

Gun Ty pe Destrlpt lon No. of Ro unds

I
3 ,1

•6 .5 ,2
8

10
II
20

"23
se
sa
54
90
92

10S-_ howitzer
8-tll . howltll'r
17S-.., gun
ISS....... tIo.ltler
1SS-~ how1tler ( M198 )
Smal l nIT
l ar ge TNT
60-_ ..or~ r

81- _ Mlr ta r
4 .2-111 . .crtar
2. 7S-t ll. eecee t,,,
TOW
1 0 S ~"", tank gun
I S2 - Q11 ta nIc 9u~

36 ,949
' .588ae

26.1 2"·
20 , 166

803

•3.S46
6 .989
1.0S0
1.810
2.169

11
None
608

'Soml' should be COde 8, but were COded as Code 6.
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reet e F4

S~.ry of Souri:es of Inforw. tl on

Oat.
Base
Code

..to
Base

ne scr -t pt c r

Unl U
Covf'red

in O. ta aese
Info... ttcn

Covered

1 R.ngf' Oper. t lons
Yearl y S.-.. ry

, ....ullt11on Issue
RKordS

3 R'!\ge Oall y
Activity logs

• Range Request
rc-es , Oail y
Bull et i n

5 FOT"lll 1954

All units FB,
WG, R, ROTC, MAR·

All unIts el<cept
I'4adnn

All units

All un i t s

Al l uni t s el<cept
1 0 5-~ gun and 152-mm
Sheridan tan~ gun;
few 81-m. .artar,
115-.. gun;
D!.'InCIlt tt 0,...

Weapon, no. of founds

Weapon l un l t , no. of rouIIOS,
date}

Uni t , wea pon, probl etl 1I(l . ,

XY FP,· · t.rget area. day,
11_ of day

Ullit, weapon, problem no . ,
do,

Unit , weapon , col umn no,. ;
XY FP,· · XYT,· · ti~ of
day, day, no. of founds

• FB • Fort Br .gg Uni t s
IlG • Natlondl Gu. rd

M.J,R • M.rines
R • Reu rvf's

ROTC· Reserve Of fi cer Trai ni ng Col lege

··X Y FF • locatio n of fi ring pofnt
XYT • location of target

+OEMO • deIlolftion actIvIties and Air Force bombs

15'



1954 C, t , s~ee t s . T~is was do~ so ~nits wo~ l d not ~,ve to re ly on t~ei r

.e.ory t o reconstruct t~ejr bl,sti ng , ct lvi t ies .

2. Oa ta Base 1 wa s used to i ndicate ~ow accura te Oat. Base 5 101. 5.

3. The in s tall at lon' s ~ni tion Is sue point was visi ted to obta in Oa ta
Base 2 and to col lpc t ~re det ai l ed uni t records .

4. Range operati ons info,...t lon was coll ect ed .nd used to CI'P4t e Oa ta
Base 3 for a t i. t ptriod of at l eas t 2.crUs .

5. Oat 4 B4se 3 10145 cross-c~ecked ag4inst Da ta B, se 5; '" vtry bad cor re­
hlion was found for t lW! 105-.... 155-_. aM 14198 ho..itler gun types . (For
t~e t t st case of ~rc~ . only ont - ~.lf of the d, t , on t~e d. l ly act ivity l ogs
had , correspondi ng rOnl 19S4.)

6. After cross-checking D. t a Base 5 vs Data B4se 3 (to det ermi ne un1ts)
. nd Oa ta Base 5 vs D4t. Base 2 ( to dete",lne nu.ber of rounds). D4t 4 B,se 5
was set .side as being cornect. c~pl e tt Infonnat ion for t~ose d'YS and t~se

un i ts repor t i ng. but i nc~pltte for the enti re yt 4r . (Whattv tr w~ s t urn~ in
w~ s 4ssum t d t o be correct .)

Uni t s act ual ly comple ti ng Fo rm 1954 wer e- cross-c hec ked 4gatns t the unfts
li s ted t n the dail y actf vlty logs. In th i s manner . units in t he d4f1 y
ect f vtty log were separated i nto two group s : t hose t hat turned fn Form 1954
and those t hat di d not subm i t the form. The units IoI hlch tu rned fn t he form
were checke-d off t n the d.f1 y .c t tvft y 109 S as need fng no fur t her considera­
t ion i n t e rms of de-termfnfng data for all t he unfts lfsttd In t ~e daily
acth ity 109.

The ~un1 tion issut fs r t cordt d by unit. but t~ uni t .ay keep t~

reCOrds sever. l d.ys or wetk s . The elat, on rounds f i rtd by typt It.9 . • HE.
Wp. ill u.f n, tion. etc .l -.ere subt racted fro- a unlt ' s to t. l s of .~.unltl on for
th.t per iod of tl lIe . In this .anllPr . t~(' , ..uniti on supply point d.t, t otal s
were etvteee into two cate90r ies : those accounted for on Fo", 195' and t hose
yn accoynUd for on Fo", 195' .

7. Oat. categories in o.u Ba se 2 (Ule a_ynition luye d.te l for ynUs
not co-pl et i ng FOnl 195' were cross-checked . gai nst daily r.nge . ctfv fty l ogs.

D. t a Sase 2 • •s cros s-checked ag. fn5t D. t . B.s~ 2. Ihe urit. n~ber of
rounds • • nd ti.e ~r10d ~.t t~ uni t h.d t~ rou~ds -e re t.ken fro- Oa t. Base
2. The un1t .nd tll~ exec t r tees of operat ion were obt. intd fr o- Dna Base 2.
Tile rounds .er e split up fr~ D.ta Sase 2 bas~d on the uni t tll,t used t~e

ro~nds and the t otal nu.ber of 1I0~rS (proport ionat el y) t h. t tile uni t wa s In
t he fiel d dur i ng t he t l.e ptrlod of i nteres t (Fi gur(' F2).

Af ter co-plet lng Steps 6 . nd 7. t he resul t s were c~b lned to fora a basic
l -ye. r s('t of fir ing pofnt and t. rget cards for t~e Bl , s t Noise Prediction
comput e- r p rogra~ .

Tot al act ua l yearl y rounds e~ pe nded by loIPapon and type (e.g . • HE. WP.
etc. ) were develope6 f rom t he ammun ition point r e-COrd5 augmented by t he 175-nm
rounds fired by the Marines and t he 500-lb bombs dropped by t he Air Force.
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42 - IN HE M3 29AI ( WITH FUSE PO)

DATE UNIT 8 + FP T

12 SEP 113 1/50 5 '00

21 SEP 1/ 505 50

26 SEP 21508 '00

5 OCT 21504 30O

II OCT 215 05 "19 OCT 1/120 3O

26 OCT 21508 " 0
27 OCT 3/325 80

31 OCT 1/50 4 rte
31 OCT 1/504 225

2 NOV 1/119 20

7 NOV 2/325 25O

9 NOV 2132 5 20

13 NOV 1/504 '"
131110V 1/ 50 4 "5

Figure F2. Data Base 2 i nfo rmation .
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Tables FI, F2, and FJ compare the range data wi t h the ammunition point data
a n~ th e in1 ti al total s d e~el o p e d from t he raw dat a base . From these tables.
t he fol l owing decisi ons wer e made as to how to al ter the t ot al s in t he raw
daU bese so as t o cor rectl y portray the followi ng: the yCH before the sur­
~ey was adm1n1 stered , the ~on1tored period. and the enti re year for whjch the
dat a were gat hered:

a. The yearly total dat a base for the year before the attitudinal
survey had as its criteria: t o get the to t al number of rounds expended
correct and to get a cor rec t m1l of fi r jng points and targets and weapons ,
etc. Li ttle at t empt was made t o gf't the right f i rin g at the right location on
t he correc t day since the DNL model uses t he total energy for the year. Thus .
the raw data base was used wi t h multip li ers on num ber of ope ratio ns in order
to achieve the correct tote'l s as given i n Tabl e Fl, Column 3. It should be
pointed out that t his tabl e completely del etes the XM-198, as this gun was
only t es ted dur i ng the latter per-t of 1979. Aha, it must be no ted tha t the
dail y ope ra tions i n thi s data base are es sent1ally correct, except for t he
last 2 month s dur1ng the year, dur in9 wh i ch t he raw dat a base is much l ess
complete t han for the other 10 month s of t he yf' ar.

b. The t ota l data for the most recent year was aga1n forml'd out of the
raw da ta base. Bl'cause the l ast 2 months of th i s year are less complete than
the other 10 month s, th1s raw data had t o be spli t i nto two groups such that.
as a f 1nal result, t he followi ng was echfeved: O} the year ly t ot al s agreed
with t he ammuni t10n point yearly totals as given in Tabl e Fl , Col umn 4 and
Tabl e F2, and (2) the operat10ns duri ng t he last 2 months of t he year were on
a par wi t h the ot her 10 months of t hl' year.

c. The daily data dur i ng the t ime during whi ch monitoring was performl'd
at Fort Bragg (August 1978 to February 1979) was formed out of the to tal
year ly data base described abovf' and summari zed in Table F5.

Additi onal note s :

I. 81-mm mortar data were coded for j ust HE rounds since the ILLUMor ~p

rounds make l1 ttle no ise at t arget or firing point .

2. 175-mm gun and 8-i n. howitzer charge ra ngl'S wer e determined from dis­
ta nce f ired and fi ri ng t able s for each gun .

3. ThE' 105-rrm t ank and 152 -mm Shertdan guns ....ere rel ettvet y easy to
reconstruct s ince few un its used each gun. (Howev er , t he 105-mm tan k gun was
enterl'd as a l05-mm gun on the dai ly act ivi ty logs and could be separa t ed from
the 105-mm howi tzer only by looking at the uni t information. )

4. Demo11t i on act1v it1es we re coded as found in t he d~ily acti ~1ty l og.
The number of rounds was SE' t to 1, E'xcept for the 500 -lb bomb, wh ich was set
to 6 (per conversations ....1t h Range personnE'l).
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Table FS

Dat a Base X
(Used for Ti me Series and Monitor Comparison)

No . of

'"" Type Desc rip tion Rounds

1 l05-rm1 howitzer 50,212
3,1 8- in. howi tzer 10.393

• 175~rm1 9un 214
6,5 ,2 155-nn howit zer 23,574

B 155-1T1J1 howitzer (M198) 20,136
10 Small TNT 1,029
11 Large TNT 357
10 60 -1m1 mor t ar 6,596
11 81-1m1 mortar 34,808
13 e.z-t n. mortar 9.370
50 2 . 75-in . rocket 1.810
53 LA< 1, 469
54 TOW 11
90 105-!TT11 tank '"" 1 ,811
sa 152·nn ta nk '"" 7 ,779
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APPE~OIX G:

EST IMAT IO~ OF PERCENT "H IGHLY AkkOYEO- AS A
FUNCTIONOF CONL FOR THE OKLAHOMA CITY OATA

The Aut hor of th1s repor t has prev10usly s how~ l hft t for so ~1c booms fr om
transport sh e a1 rcraft (B5b/~ B701 at high altitudes 5

CSEl " (IO/8. 5}( Peak l evel ) - 50. 35 [Eq Gl]

Thi s equ.tlon 11used ~nti n to co~ v ert t he Okl.ha-a City ~ata (Table 84
of t he Barsky st udy) 6 fra- peak l evel s t o CSEl . ESsentiall y, the lower the
peak level , the -are roun~ed ( lower frequency) the boa- , and the .o~ energy
the C-weight l ng e11~1na tes .

At Okla homa Ci ty , there were eight booms per day. So , total daily CSEL
equal the CSEL per boom pl us 9 dB. and

CLON • CSEL • 9 - 49.4 [ Eq G2]

Usi ng Eqs Gl and Gl , the Okl a~a Ci ty data for l energy) . ver. ge pounds
pe r squaN! foot (PSFJ and percent - lII ghl, artnoyed" by t1.. per1 0d yiel d tl1e
ntSl,ll ts s_rhed in Table G1.

Usi ng l inear reg~ss i o nA the percent of respondent s -h ighly .nnoyed" as a
fl,l nct fon of CONL Is fou~d Ir' • 0. 931 as:

~ H1ghly Annoyed · (3.09}(CLON) - 164 .0 [Eq G3J

Table G2 data are l,I sed to estab l 1sh the "1~pl,llse correction facto r" equa­
tI ons given in t he . aln t e. t of thi s ~port .

3SP. ul O. Sc ha.er , "Growth Funct 10n for H~an Respo~se t o large-~plftude 1.­
pulse kiofse ." Journal of the Acol,lsti e,' Society of ...rica, '1'01 . 64 . ko. 6
(1 918).

)6~. H. Bor sky, C~nl~ React 10ns to Soni c~s In t he Okl a~a C i t~Arta ,
Yol II : Dat a on t Cll!Wllulif fy Reacti ons .na Inb r prt tatl ons, TR-6S-37 I RL,
[9651.
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Bor sky
Me. surf'lllent

Peri od

Table Gl

O k l a h~a City Oata

Put PSF PNk Leve l (dBI CDkL , Highly Annoyed

March l t o April 19 1. 13 1l8 . 1 59.9 16 .6
0.8 1l 5. 1 56. 4 Il .5
0.65 IlJ . 3 54.3 S. 1

Apr il zo to J une 14 1.l3 128.8 60.8 25.9
1. 10 127.8 59.6 19. 4
0.85 125.6 57. 0 11.0

June I S t o July l 5 1.60 131 .1 63.5 35.3- 1.35 1l 9.6 61. 7 l S.4
~ 1.00 iar.o 58.7 16.9•

Table G2

Impl uSt -ccrrectt cn'' Fac tor s

CONL , Hi9hly Annoyed ADkL
Di t tereece
AONL-CDIrlL

80 83.3 87.6 7. '
" 67.8 84.1 , .1
70 5l . 4 80.0 10. 0
65 36. 9 15 .0 10. 0
60 l 1.5 68.5 8.5
ss • •0 57.5 '.S



APPH(IIX H:

COMB INED FACTORS WH ICH CORRE LATE WITH ANHOYANCE

Table Hl

Question 30 or 36 or """, "IiUlllbe r IrIIl.t:ler
1 Hig hly Highly \ Highly Highly
Annoyed Annoyed Total An Myed Annoyed Tota l

B1IS t 1:2 . 7 1" 67. 3.' '1 146"

St r ee t Trdt1c l 4. 1 ". ' 42 I.' " 140S

Ai r pl ane 18 . 9 11. sae 3.3 '0 1521

Heli copter l5 .2 162 H ' .., H ISO'

Chi Idren/Pets 23 .4 " 0 '" ' .J 10 1464

-M i sfeasance ~ damage ~ se nsi ti vi ty t o noi se ,

Table H2

Quu tlons ,." ,." 31 al1d 34-

V" No

NUlllbe r Nullbe r
1 Highl)' Highl)' 1 H1ghl)' Highly
"n"eyed ",,"o)'ed Total Anneyed ""ne)'ed Tota l

810lSt l7.1 140 SI7 4.1 67 1630

St ree t Traffic ea .e \10 ses ' .3 ee 162l

Ai ~phne 10.' 100 m • .1 " 1670

Hel tc eeter 29.5 145 491 ••• 81 1656

Ch11drt>n! Pets 22.6 10. 4778 , •3 111 1669

- I'l h fe asance ~ da....ge ~ sens1tivit)' t e 110he .nd wil li ngne ss t o COllPhi n.
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Tabl e H3

Question 30 or as-

y" No------
Numbe r Numbe r

\ H1 ghl y Hig hly \ Highly Hi ghly
Annoyed I\rI noyed Tota l Annoye d An noyed

81ast 28 .4 123 433 4.9 84

St reet Tra ffic 31.6 16J 516 e., 4J

Alrpl ene 26 .5 96 362 4.1 "
Hel icopte r 36. 4 142 390 4.8 84

Ehtl dre n/Pe t s 33 .6 148 441 4. 8 "---- - --

rete!

1714

1631

1785

1751

1706

*"A gre~t deal, " "qu ite a bit ," o r "a fair amount" can be done but "nothi ng at a11 ,"
or "no t very much" 1s be i ng do ne or damage fr om a no i se source in t his
neighborhood t s "ve ry ltk ely" or "likely. "

Table H4

Ques tions 30 and 34 and 36

Yo, No

2074

2069

2104

2096

2115

Tot~l

145

194

169

167

'10

Num be r
H1ghly

An noyed

9.9

9.3

8.0

8.'

6 .9

\ Hig hly
Annoyed

--------_._-----

Numbe r
:t H1ghly H1ghly
An noyed An noyed Tota l

81 ast Noi se 54.8 40 73

Stree t Tr a ff1c 47. 4 37 78

A1 r planes 53.5 23 43

Hel icopters 62. 8 32 51

Ch1ldrpn/Pets 62.5 '0 32

- ---
*"A great deal , " "q uite a bit, " o r "a f a1r amount" can be do ne, but " noth ing at all"
or "no t very muc h" i s being done a nd dama ge f rom a no i se so urce i n t h i s
neig hborhood is "ve ry l f kel y" o r "l i ke l y" ~ responde nts feel they sho uld
co mplain .

166



Table HS

QYestto ~s 30 and ae-
,,,

"
lIyllber

._,
\ Hl ghly Hi ghly \ Hlghly Highl y
Annoyed AnnOyM Tou l An noyed Annoyed Tot,, 1

Blnt sct se 50.7 40 79 ' .0 167 ''''
St reet Traff1 c 53. 8 64 119 7.0 147 2028

Airplanes 46.9 aa .. 6.' 145 2098

~l l copters 59.6 34 57 ,., 197 7090

Chil (lren!P ets 64 .0 aa sc ,.. 19' 2097
-----

· ~A 9re" t de" l . ~ "QYlt e a bi t . " or ~ " fair <Jmount~ can be dore , byt "not hln9 " t al l­
or - ~ot very "Ych- I s be 1ng done and d"..,ge to t he ~efghborhood fr~ a ~01se

source Is "'t't'ry like ly" or "H kel)"7

T,bl e H6

Ques t i ons 30 "nd
,..

Yo.

~ um be r

'l'. H1ghly H1 ghl y
A~noyed A n ~oyed Total

81ast ac t se 31.3 70 eaa
Street Tr aff1c 29. 6 97 Jll

AI 'l'la nes 25. 9 54 '"
Hel i copters 31.9 " m

CMl dre n! Pets 33.1 ss ,..
- "A gr e"t eeet , " "Qui te , b1t.~ or -, f<J1r .tIIIOunt" c"n
or "not ¥!! ry IJUch~ Is be i ng (lone~ resjeeeent s reet

167

"
Numbl.'r

'l'. H19h1y H19hly
An noyed A~noyed lo ta 1

7.1 137 1924

e., "' 1836

s.s 114 1939.., 130 ..,.
7.1 134 1851

be done . but "nothing " t , l l~

tll!!y shoul d ce-phln.
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