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Mr. F. P. Beck is the OCE Technical Monitor. Guidance was provided by Mr.
1. 1. . Halligan of OCE.

This study was conducted by the Acoustics Team (Dr. P. D. Schomer. Acting
Chiet) of the Environmental Division (Dr. R. K. Jam . Chiefl. U.S. Army Construc-
lion Engineering Research Laboratory (CERL).

COL J. F. Hays is Commander and Director of CERL and Dr. L. R. Shatler is
Deputy Director.

LCCfl~OS lu

~TI$ WINs $s~~
Ills S.fl ksSI. f)
MIiIuIUX~~ a 

I, __..... — 

sirnts,nsin**.utuiy U.S

~~‘~‘ ~~~‘ “~~~ D D C

_ _ _ _ _ _ _ _ _ _ _ _ _ _  

NOV 2 1916

UU U~U oL6U tIL~L~.
D

-

~ 

- 

~±TIIT~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _  _ _



- I CONTENTS

DD FORM 1473 1
FOREWORD 3

I INTRO DUCTION 5
Background
Purpose

2 TECHN ICAL BACKGROUND A N D APPROACH 5
Measures of Noise Impact
Definitions of Terms
Approach
Operational Considerations

3 DERIVATI ON OF CRIT ERIA A ND RESULTS 9
Calculation Procedures
Results
Applicability of Results

4 CONCLUSION 10

APPENDIX A: Discussion of Calculations 11
APPENDIX B: Sample Calculations 13

REFERENCES 15

DISTRI BUTION

4

- -

~~

.—

~

-

~~~ 

.- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

I ;~~ 
— 

- 
—



TECHNICAL BACKGROU ND: INTERIM
CRITERIA FOR PLANNING ROTARY-WING These problems notwithstandin g. com patibilit y

AIRCRAFT TRAFFiC PATTERNS A ND between land use and noise impact must be achieved
SITI NG NOISE -SEN SITIV E LAND USES to safeguard facilities ’ operational capabilities while

providing satisfactory on- and oft-post living envi-

1 ronments. Installation master planners and airfield
INTRODUC TION operations personnel must join forces to achieve this

result.
Background

Purpose
Urban deve lopment has been encroaching on mili-

tary and c ivilian airfields in recent years . In particu- The purposes of this report are W to establish
lar . res idential development has been occurring in interim criteria for locatin g ro tary-wing aircraft
aTe:I\ suhtcct to high noise levels w hich emanate tra ffic patterns and ingress and egress corridors into
fro m aircra ft and airfield operations. The Army has an airfield/heliport to avo id conflict with noise-
an obligation to protect the well-being and safety of sensitive land uses , and (2) to provide criteria for
persons and property in Army airfield environments , planners to site noise-sensitive land uses with respect
as well as to use public funds judiciously in con- to the established airfield and flight corridor plan.
s t ructi ng fac ilities near airfields. The operations plan (the zones and corridors) estab-

lished from these criteria will define the “noisy” and
Since the prediction of rotary-wing aircraft noise “quiet” areas to insure com patible develo pment and

inipact is still under deve lopment, criteria which future unimpeded airfield capability. This report
permit easy interpretat ion of existing published provides the technical background for the planning
guidelines are needed. The Construction criteria manual entitled liserManual: Interim Procedure for
Manual 1 and the Air Installations compatible Use Planning Rotary- Wing Aircraft Traff ic Patterns and
Zones ’ are tw o Department of Defense (DOD) docu- Siting Noise-Sensitive Land Uses. 4
ments that define land-use restrictions. Both docu-
ments describe three zones which impose varying
degrees of restriction on land use in order to insure TECHNICAL BACKGROUND
its compatibility with the characteristics of Army AND APPROACH
operations.

Measures of Noise Impact
The reason an exact prediction technique for

rotarY-w ing aircraft noise does not exist is the unpre- Two measures of noise impact commonly used for
(lictable nature of helicopter flight. Unlike fixed - aircraft noise are Noise Exposure Forecast and Day-
wing aircraft , helicopters are able to make tight Night Equivalent Level.
turns and execute sharp maneuvers . Training proce-
dures demand t hat helicopter pilots be proficient in The Noise Exposure Forecast (NEF) uses Effective
this flexible form Qf flight. Fixed-wing aircraft , con- Perceived Noise Level (EPNL) as its basic noise
serse ly. have more limited maneuverability; thus a measure for aircraft flyovers. EPNL and the number
stra ightforward methodology , such as that of the Air of operations during the day (0700 to 2200 hrs) and
Force) can he used in predicting noise impact. The night (2200 to 0700 hrs) provide the information
A ir Force procedure uses distinct flight paths and necessary to determine NEF at some specified loca-
(‘ther operational information to predict loise lion. As the number of events increases , NEF be-
impact; it has been found that this system does not comes larger.
work for rotan -w ing aircraft because of the impossi-
bility of defining flight paths with current records. Tables and graphs which show EPNL versus dis-

tance and allow easy determination of NEF for
known aircraft types are available for fixed-wing air-

tCo,ssiriwtujs, Cru.-nia Manual. DOD 4270.l-M t Departmenl craft but, due to the present state of helicopter pre-
‘ .1 Urfensei . diction, not for rotary-wing aircraft.

‘Asr Instgillatuuu Compatible Use Zone,, DOD Instruction — ________

41b5 - 5 ’ t Department ‘I I)efense). 4P. D. Schomer and B. L. Homans , (fu r Manual: Interim Pin’
‘H I) Horonjeff. et ii .. Community Noj ie Exposur e Resultmg cedure for Planning Rotary- Wing Ai,rruft Traff ic Panrr,u and

From A arc ,u~i Operat.on~ Corn puter Program Descnpuo.i. Siting Noi.te-Sen,itiv, Lund Uses. Interim Report N -10 (Conslruc-
Ke pon Al) A (K)4$21 IHi,tI, B~r.nck and Newman IBBNJ. 1974). tlon Engineering Researc h Laboratory iCF~RLi. 1976).
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Because nighttime operations cause greater dis- (lay-night equivalent level (Ld,1) in excess of 65. •l he
turbane-e than daytime operations , the noiSe of each previous section provides more detail.
night es cot is penalii&-d in the calculation procedure
by It ) dH. 5 Ihat is . for t he sante average number ot 3. (;t’O(Ifld distance——Distance along the ground
a i rcrat t  operations per hour during the (lay and measured from the pro;eet ion of the airerab on the
itighi pcriods . the NFF value b r  nighuime’ opera- ground to the observer (Figure I) .

ms is I (I d U It igher t han lot dayt ime operations.
Siti ce t he citni- ept of NEF w as ittt raii l uce(l in the 4. Itigri’ss/egress i.t’rr idors—--A pproacli  .ittd (IC-
l’4 s0~. t he ca lc ulated NFF sa it ic s around a given a ir— par turc cort’ it lors (at id ot l ic t h at t ie coir idot ’ s) s heR
lielil ~~~ h i -cu lowered in absolute v alue by ~iib- flight alti ludes ate  less t i t an  the a l t i tud e AGE. re-
t rac t in g  ,i co i ist ault (8$) ho avoid conf usion with other qtlire(l to nialtulai l) a ( IaV.uiig ht eq t u isaleuit level not
flfljsC nic.,sures such as the Composite Noise Rat iiig exeee(ling 65.
(‘NR) and the (~omniun it~ Noise Fquis- a lent Level

((‘NFL). S. L~~~—A-w eighted Sound Exposure Level.

lhe L)a~-Night Equivalent Level (Ldn) is also a 6. Noise-sensitive area—An area containing one
measur e of the 24.hour noise environment. Ldn uses or more of the following: bachelor and family hous-
the energY equivalent conce pt . which represents a ing. temporary lodging, recreation , we lfare and reli-
fluctuat ing noise level in terms of a steady-state noise gious fac ilities desi gned for the assemb ly of groups of
having the same amount of total energy. The speci- l)eoPle, medical facilities , and school buildings. *
lied time integration period is 24 hours.

7. Operat ions
in a sim ilar althoug h not abso lutely equivalent a. In a traffic pattern, an operation is a takeoff

fashion to NEF. a lO-dB correction is app lied in the or landing.
calculat ion of Ldn to account for the increased b. In a corridor , an operat ion is a fly-by .
annoyance due to noise (luring the night. 7 The noise c. Touch-and-go operations are counted as
lesel is measured in A-we ighted sound pressure two operations.
level ~8

8. Slant distance—The distance measLured from
The Air Force pred iction program contains several the closest edge of the noise-sensitive facility to the

items common to all uioise’ prediction models. These center of the’ flight path (Figure 1) .
considerations or input factors , inherent in any air-
craft noise impact prediction. include tota l number 9. Planning slant (listance— Fhe recommended
&it operations (number of takeott~ and Landings). slant distance which would insure that the noise-
pt~rcentage of night operat ions (between 2200 and sensitive facility would not be subjected to an Ldn of
0”UO hrs) . and fleet mix (the percentage of’ each type greater than 65.
of aircraft in operation). ‘Fhese factors must he est i-
mated before any prediction methodology can be 10. SEL—Sound Exposure Level is the time
used. integral of the square of the acoustic pressure.

Definitions of Terms Appr oach

I. AGL—Above Ground Level. Originally, Construction Engineering Research
Laborato ry (CERL) researchers attempted to

2. Conflict with a noise-sensitive land use—A describe rotary-wing flight by us ing the computer-
ized Air Force approach : that is . the flight tracks for

-- each aircraft following each flight track were de-
‘Informuttori on Levels of Environmental Noise Requisite U) scribed using straight and curved arc sections. AIti-

Protect Public Hp~lth and Wel/ ar, With an Adequate Margin of
Sa/ i t y .  Report 550/4.74.004 (Environmental Protection A gency
IEPAI, Marc h 1974). pp A26 .A2$. *‘t’his procedure should not preclude siting a schfn)l in a noise-
‘K. .5. Pearsons. ci at . , Handbook of Noise Ratings. Report sens itive area when (he scho~t subjec t relates direct%~ to the noise

N”4-23275 (BUN. April 1974). pp 206- 207. source, such as a pilot’training classroo m at an airtield . Proper
‘In/ormation on Lrvel~ of Eneirunmeniul Noise. pp A26-A28. acoustical considerations must be incorporated into the desigti of
‘K. s . Pearsons.et at ., pp 224~225. the school .

_____  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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GROUND DISTANCE ‘1 PROJECTION OF
/ AIRCRAFT ON THE

(OBS ERVER 
GROUND

(NOISE—SENSITIV E FW~ILITV )

FIgure 1. Illustration of the terms “ground distance” and “slant distance.”

ttide profiles and number of aircraft of each type regard to other uses may occur. Zone I. all land out-

fol lowing each flight track had to be specified, side Zone 2. is an area in which essentially no suc h
difficulties may be expected . NEF values above 40

The difficulty with using this procedure for heli- are considcrcd to be in Zone 3. values of 30 through
copters was t hat it was extremel y t ime-consuming. 40 in Zone 2, and values below 30 in Zone I.
Since helicopters can, and do. fly almost anywhere,
specific fli ght tracks must be defined for each heli- The DOD construction Criteria Manual recom-
copter pat h. Because of this position variability, a mends that bachelor and family housing, temporary
new approach was initiated. lodging, recreation , welfare and religious facilities

des igned for the assembly of groups of people. and
Instead of detailing specific flight paths as in the medical facilities should be sited in Zone I. In addi-

computeri ied Air Force prediction procedure. it was (ion, the Army requests that school facilities also be
dec ided in this study that distance criteria (based sited in Zone l.~
upon result ing Ldn and NEF values) for the place-
ment of family housing and other noise-sensitive The IS October 1975 DOD letter, subject: Air
land uses would he developed from rotary-wing air- Installations compatible Use Zone Noise Descrip-
craft traffic patterns. These criteria could be easily tors t amends the above two document s. The first

understood and interpreted with the aid of the DOD change is to compute Ldn in place of’ CNR or NEF.
tl ocu nienls disc u ssed below.

Ihe DOD Air Installations compatible Use Zones
(Al(’UZ) Instruction describes three zones of noise • fli j s procedure should not preclude siting a school in a noise~impact. Zone 3. t he smallest and loudest, is the area sensitive area when the school subject relates directly to the noise
in w hich the frequency of exposure and intensity are source, such as a pilot.training classroom at an airfield . Proper

almost certain to pr x luce difficulties in relation to acoustical considerations must be incorporated into the design of

some other possible use of the area, particularly the school .
‘P. J . Fliakas . Deputy Assistant Secretary of Defense, lnstalla

w here the use or proposed use is residential. Zone 2 lions and Housing—ID, Air installations Compatible Use Zone
is a larger area in w hich similar problems with NOISe Descriptors, letter of IS October 1975.
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Figure 2. NEF vs slant distance plotted for distances between 300 and 3000 ft (91 and 914 m).
The fleet mix is 80 UH-ls . 15 AH-IGs, and 5 CH-47s with 10 percent of operations flown during
the night.

l’he second is a recommended correction of +7 dB to Un was calculated using level flyover data meas-
he added t o  meter readings when helicopter noise ured by CERL. * Total Sound Exposure Level
lcve ls are measured. Guidelines are given for the t1AF) was calculated from the A-wei ghted peaks
interpretation of Ldn zones: in excess of 75 Ld~ is and the time interval to the points 10 dB down from
equivalent in impact to CNR Zone 3; the range of 65 the peak . ca lled duration. Ldn was t’ound from LAF
Luin to 75 Un is equivalent to CNR Zone 2; and and the s~n~e operational data used for calculating
below 65 Un s equivalent to CNR Zone 1. NEF. As a check between the NEF and Un. dis-

lances were found for Ldn values of 75, 70, and 60.
Noise Exposure Forecast (NEF) was calculated for The two measures were found to he in eIo~c agree-

a s-ariety of’ distances using the maximum Perceived ment.
Noise Level tI’NL) values* for eac h aircraft and the
t ime that the signal was high (within 10 dB of the Since no standard pattern ex ists , stra ight flight
max imum PNL value) at each distance . rhe approxi- was assumed for estimation of time duration. In the
mate EPNL was calculated from the maximum PNL traffic pattern , variations occu r which can eit her in-
and t he efl’ect ive duration, w hich was estimated from crease or decrease the duration. It is felt that these
t he total lO-dB down duration. Figure 2 shows a factors generally cancel each other.
curve of NEF versus distance f’or 100 aircraft . From
the curve , distance values at NEF 40, 35, and 30 A ppendix A discusses the calculations used in
were found. obta ining NEF and Un.

‘Preliminary data for PNL curves were compiled from data
From Bolt. Beranek and Newman (URN), U.S. Army Environ- ‘Iliesi, data ~sc rc gathered tn n, detailed measurements in
menia l Hygiene Agency tA EHA), and (‘ERL (CERL data, 1972). . spring 1974 and are unrelated to the PNL data discussed .
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Operational ConsIderations Table I
Calculated NEF and L,~ Values With Corresponding Slant

Operational data used in the calculation of the and PlannlngSlant D ances’
traff ic pattern criteria were for average operations at
a typ ical airfield . Total number of operations , per-
centage of nighttime operations , and fleet mix were  NEF L~~
considered as in any prediction methodology. The Planning
total number of operations was chosen to he 100 per Slant Slant Slant

NEF Dlataisce 1d~ 
Distinct Distinctday . ‘this number was made larger than traffic - _______ —~~~~~~~ - - -

encountered in t he normal pattern to allow for future 
~ 100 Average Daily Operation.

growth. Iahle I gives NEF and Ldn values for
44) 35(111 t lO7 nil 75 3(X) f t (9 1 nit 325 ft  (99 mlgreater numbers of operat ions. 35 (450 f 759 ml ~() ‘54 ) ft 122’( ni) 8(5) ti ( 244 ml
‘.4) t M(Xl t t (549m( 65 l&X) tt (54 9 ni) IM4X ) f t ( S 4 9m )

lhe percentage of nighttime rotar -wing opera-
tions v.a s chosen to he 10 percent. Previous experi- b. lS0 Average Dally Operatlon.
ence indicates that this figure accuratel y descr ibes 44) SSO ft (183 ml 75 400 ft (122 ml 475 f t ( 152 ml
operations between 2200 and 0700 hrs at the typical I 1(5) ft (.135 ml 70 h Ot) ft 1 335 ml 1100 ft (335 ml
airf ield It should be noted that increasing nighttime 30 2300 ft (701 ml 65 25(5) ft (762 ml 24(5) Ii t732 ml
operations to 20 percent wou ld raise the noise impact

c. 200 Average Daily Opera tion.b~ about 2 ~sEF or Lj~ uflits. *
40 ti 5 f l f t ( 19 8m )  75 5 0 0 f t ( 1 52 m )  S ’ S f t ( l 7 5 m )
35 13(5) ft (396 ml 70 1400 ft (42 ’ ml 13Sf) ft (41 1 m)The last ot the general considerations—fleet mix
30 2900 ft (884 ml 65 3000 ft 1914 ml 2950 ft (899 ml—appr oximates ownersh ip of aircraft by the Army.

.Since the missions of most airfields are dissimilar, a d. 300 Average Daily Operation,”
ty p ical fleet mix was difficult to arrive at. A mix of 

40 800 ft (244 ml 75 750 ft (2 13 m) “75 Ii (2)6 ml
80 percent t.T H.Is. 15 percent AH- lGs . and 5 per- 

~~ l90oft ts7qm; 70 16(X) ft (549m( t$SOft (564m (
ccitt Cl- 1-47s was determined to be sufficient.
Changes in this mix . e.g.. to 40 percent UH-ls , 40 ‘Values based on fleet mix of ’ 80 percent UH-Is . IS percent
percent OH- 58s. 15 percent A H-f Gs . and 5 percent AH.lGs , and 5 percent CH-47s per 24-hour period with lO per-

cent of operations flown at night - Cruise speed is 80 to 90 ki (148CH-4’ s . would atTect the noise impact only slightly. 
~ 167 kni hrl.
“Ihis procedure is not intended t~ir extremely large numbers of

DERIVATION OF CRITERIA operations such as 3(X) or more CERI. should be consulted before3 AND RESULTS applying t hese criteria in such cases.

CalculatIon Proc edures The total NEF at a given ground position was deter-
mined by summing all the individual NEF1 values on

Distance criteria were calculated using both NEF an energy basis, as in Eq 2.
and 1dn as cross-checks of each other and of the
procedure. Since EPNLs were unavailable for rotary- ~‘ ( NEF~/I0)wing a ircraft. PNLs were corrected as explained in NEF 10 log 1 10 IEq 2j
A ppendix A. Eq I was used in the calculation of i l  \
NFF tor each event.

A correction factor of +7 dB was added to NEF to
N EF~ = {EPNL~ + 10 log ENdi + 16.67 (N nj ) J } account for the relative annoyance of the spectrum of

the helicopter and the fact that helicopters are
—88 + 7 IE q I) usually turning and/or ascending or descending

while in a traffic pattern or an ingress or egress corn -
where EPNL1 = Effective Perceived Noise Level of dor. (A ppendix A provides a more detailed exp lana-

event i t ion.) Various slant distances were tried until NEF
N = Number of even ts per day (d) and values of 40, 35, and 30 were obtained.

night (n).
Ldn was calculated from CERL flyover data for

( hanges in nighttime operational levels are considered in t he slant distances that were found to produce NEF
A ppendis B. values of 40, 35, and 30. The total A-wei ghted sound

9
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ex Ihisli e levet 5(L
~~F

) for each flyover ssas calculated lhe Environmental l’rutect iiin A gency (EPA)
us ing stat es that for most in .  iroritt iental noise. Ni~t’ and

“(In are separated by 35 ±2 dB)° ihe calculated
= Max - 4 2 5 4- 10 log l~ jE q 3J NEF and 

~(1ti s-alu cs therefo re close l y agree w ithin
these limits.

ss here ‘- lax = A -wei ghted . s low , max imum level for
the level flyover ApplicabIl ity of Results

= Duration in seconds between the 10-
dB down points from the maximum. Corridors should he cre a ted tor the antici pated

max imum avera),’e fa t ly number of ope ra lloit s .
Eq 3 ,Is ’~un)es a triangular approximation to the heli- l’ahle I t~ives r&-con intended planning dis tatt ~’cs
co pter mw history as exp lained in A ppendix A. Ldn ver sus L~~’. and NEF [or 10( 1. iSO . 2(X) and 300
ss as caL ulated using opct ’at iorts pi.’t da~ - It is k- It that  I 0() is the minimum

number of operations t hat should he used for plan-
n fling purposes w heti actual dail y operations exceed

L~111 I ~ IF1 + 10 log Nd) 10. Less than 10 operatiOns per day should be
i t  ignored . The tower limit is designed to allow for

land ing pads a t  the hosp ital or base headquarters to

n be excluded front the planning requirements. This
+ ~ IF~ + 10 log Nn + l0)J limit notw ithstanding. patterns associated with main

i=I airfield or heliport operations in the vicinity of the
airfield/heliport itself must he asscsse (t -

IOlog 86400+7 F Eq 4J

sshere l~ LA Ffor event i 4 CONCLUSION
N Number of events per day (d) and

night In) The interim criteria presented in this report will
~l~4lX~ = Seconds per 24-hour period . closely identify the noise impact areas (those areas

with an Ldn of hS or greater) of existing or proposed
\ ppctt d ix B shoss . samp le calculations for NEF helicopter traffic corridors and the ingress and

and 
~~~~~~~ 

egress patterns of airhelds . heliports . or trequeritly
used hel ipads. It is essent ial that the criteria and
guidance presented in this report and its companion

Results report . I ,n ’r Manual.- In terim Pro -rtl, i rt tor Plan-
ning Rotary - W,ni ,’ .4 ircra /~ Traffic Patterns and

ta b le  I, whic h summarizes the calculation results Siting Noise -Sensirr. i -  Land Uses, he used by t he
fo r NLF and Ldn, shows NEF values of 40, 35, and installation commands which support Army aviation
30 and Lcln va lues of 75, 70, and 65 with the corre- activities. Proper roaster planning of compatible
sponding distances found from calculations for land use areas on and adjacent to the installations
various numbers of operat ions. Recommended plan- depends on adoption of the guidelines and criteria
f l t t 1L~ stunt distances to be used by planners are provided in these reports. Excess free land area
s 1to~~i for the above NEF and Ldn values. As an araund an existing airfield or heliport should not he
examp le, it is recommended that an NEF of 35 (l-dn used as an excuse for not implementing these guide-
u t  7(()  not be exceeded at a proposed building site lines and criteria.
located 8(X) ft (244 m) from a helicopter traffic pat-
u r n  I ht. choiu. of t hese Ldn values is based on the 

,i I I tnutrinmenta/ S R. quisau to
-\l ( 1i/. instruct ion and the DOD construction l’roOs-t Public l-Iea/z h and )S ’Itáre IS uh an .4j equ aru ’ Macguti of
Critu-n , Manua l described earlier in this report . Sufr t v Report 550/4.’4 - )~).4 I I ’ S .  MauTv h l-1 4)
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APPENDIX A:
A correction factor of +7 is added to all result. to

DISCUSSION OF CALCULATIONS account flu- helicopter noisiness and turns. The hc’Ii-
copter spectrum includes impulsive blade slap and
tither phenomena which make rotary-wing aircraft
more annoy ing than fixed-wing aircraf ’t. The DOD

NEF letter of 15 October 1975. Subject: Air Installations
Uompatihle U...’ Zone Noise Descriptors requires use

NFl- s as calculated using PNL. data from helicop- of the ~-d B factor.
let’ os erfligbts. S ince E1’NL is used in the calculation
of NFl- . it is necessary to convert maximum PNL It was assumed that helicopters , w hile in a traffic
and a measure of the durat ion to an approrimation pattern or ingress or egress corridor, would usually
of EPNL. he turning and or chang ing a ltitude rather than

being in k-vet flight. Since no published data are
Assuming a tr iangular shape of the PNL time available on turn. versus level cruise. ( ERL data

history for values within 10 dB of the maximum were consulted . Tentative results from this anal ys is
value, the average value on an energy bas is is about show that turns increase the A-wei ghted , slow . maxi-
4 .25 dH below the maximum value. Considering the mum reading by 4 to 5db. Therefore , t he total addi-
stand ard 10-sec duration used to calculate EPNL, finn factor to NEF and 141n could he 4 or S dB if the
t his implies that added noise from turns only was considered, or

could be as high as 12d B if the combined effects of
EPNL =(Max PNL —4.2 5)+ lOlog 10 T0/ lOf Eq A lJ  impulsiveness and turning were taken into account.

A total correct ion factor of +7 dB seems to reflect a
w here T0 = the time duration between the points 10 conservative compromise between the limits.

dB below the maximum PNL point.
Ldn

W ithin the primary range of interest, CERL data
indicate approximate l0-dB down durations at 300 t’t In the calcu lation of Lth-1, A-wei ghted, slow . maxi-
(91 m), 360 ft ( 1 10 m), and 500 ft (152 m) of 10 sec, mum levels from two pairs of’ sideline microphones
12 see, and 17 to 18 sec respectively, for a cruise at slant distances of 360 and 500 ft (110 and 152 m)
speed of about 8O to 90 kt (148 to 167 km/hr). These were corrected for the three distances that yielded
va lues closely lit expected theoretical values. Calcu- NEF values of 40, 35, and 30. Assuming a triangular
lat ions show that absorptive effects cause the dura- approximation of the time pattern shape of the heli-
non relat ion to depart from theory significantly only copter time history w ithin 10 dB of the maximum
at short distances (less than 300 ft 191 ml) and long level, it ts estimated that the average level is 4.25 dB
distances (greater than 3000 ft 1914 ml). In the beIo~ the max imum. LAE and Ldn were calculated
middle distances , t he relative al’ ;orption change~ on an energy basis using Eq 3 and Eq 4 . The total
bet sscen t he maximum value and the values at the correction factor of ~7 has been included as shown
ID-dR down point are almost identical (Figure A l) . in Eq 4.
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f~’tgure Al. Expected duration between the points 10 dB down the maximum, slow. A-weighted
leve l s-s slant distance. Absorptive effects cause departure from theory below 300 ft (91 m) and
above 3(XX) ft (914 m) slant distance,
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APPENDIX B:
Table 132

SAM PIE CALCUL ATIONS EPNI. Values Calculated from PNL Data at 350 ft (107 m

Calcu lation of NEF Aircraft at 350ft(107 m1 at 35O ft ( 107m)

A s imp le example wil l demonstrate the calculation tIH- I 93

of NEF. Calculations will be performed (‘or 100 total AH - t G 1(1” 103

operations per 24-hour period with 10 percent of ’ the ±.I~±~_~ _ —— ~8
—_ ~~~--__

flights during the night hours. Of~ the 100 opera-
tions , 80 will he UH-ls . 15 AH -1Gs, and 5 CH-47s Adding the numbers in brackets on an energy basis
(‘lahie RI) . accord ing to Eq 2 y ields:

Table Bi NEF = l 2 l— 1 4 8 + 7
Listing of Aircraft Used to Fleet Mix

____ -.----________ NEF=40

Numbe r of A ircraft per 24-Hour Period . . . . -Similar calculations have been performed f or a
Aircraft Day Night number of slant distances; the results are graphed in

10700-2200 hrs) (2200-O700 hrs( Figure 2. As can be seen , a slant distance of 350 ft
(107 m) yields an NEF of 40. Table B3 demonstrates

AH i( . 
~~ 

~~~~ t he change in noise impact given different percent-
( H 4 ~ 

ages of night operations. This table demonstrates a
- ‘ ‘ relative insensitivity to the percentage of night opera-

t ions in the range of Ito 30 percent. Modification for
Graphs of Perceived Noise Levels for level flight this factor is not required .

versus each aircraft type at a distance of 350 ft
(107 m) were consulted . These levels will later be cor- Table B3

reeled for turns. EPNL can be found (as indicated in Approximate Modification to NEF or L~~ (or a Change

A ppend ix A) by using the PNL versus distance in thePereentage of Night (2200-O700hrs) Operations

curves 
Io be Added toValues inlable l

For t his examp le, NEF will be calculated at 350 ft Percentage olNight Unit Correction to NEF
(119 7 m). By using Eq Al , PNL curves for each air- Operatlom orL~~
craft , and the durat ions plotted in l’able Al , EPNL
can be found as shown in l’able B2 and the following 0 ‘— 4

calculations. 10 (1
2(t -4- 2
30

For so ±5
i(X) + 8

UH -1:  EPNL=97—4.2 5 + lOlog 11/10 93 -

AH -I G:  FPNI~ = 107 —4.25 + 10 log 11/10 = 103 NOTE This table demonstrates aretat ive insensitivity to the per-

CH-47: EPNL = 98—4.25 + 10 log 11/10 = 
centage of nig ht operations in the range of i to 30 per-
cent. Modification for this factor is not required.

W ith this information , it is possible to calculate
NEF from Eq I: CalculatIon of Ldn

NI’ F = 193 -f 10 log (72 + 16.67 (8))J LJ1) was ca lculated from CERL flyover data (in-
stead of tables ) to produce similar results as for

+ (103 + 10 log (13.5 + 16.67 (l .5))J NEF,

+ 194 + 10 log (4.5 + 16.67 (0.5))J —88 + 7 For this example the same total numbe r of opera-
t ions (100), percentage of ni ght operations (10 per-

NIF (11 6 + 119 + IOSj —88 + 7 cent), and fleet mix (80 percent UH-ls . 15 percent

13
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A H-lGs , and 5 percent CH-47s ) w ill he used as for lb see , which indicates a 25-sec duration at 750 ft
the NEF examp le. An L~j~ at a slant distance of 750 (229 ml, as shown in Figure Al.
I) 229 ml will he calculated . Aircraft were flying at
.3(X) ft (91 rn) AGI. and data will he tak en from one The time integral of the square of pressure (LAE)
sideline microphone located at a ground distance of ’ can t hen be calcul ated for each air craft at 750 ft
4(X) f t ( 1 22 m) from the centerline (slant distance = (229 ml using Eq 3:
5(X) ft (152 ml) .

UH.l :L AE = 79—4 .25 + lo log (25) = 89
(he A- we ighted . slow , maximum levels at 500 f’t

( 152 ml slant distance can be normalized to any AH -l G: LAE = 83 —4.25 + 10 log (25) = 93
distance using Eq BI.

D CH-47:- LAE = 83—4.25 + ID log (25) = 93
LD = LR — 20 log ( D I R )  — 1R a(s)ds fEq 81]

where LAE = l/t 0 T’ ~~~~ (t)dt (t 0 = I sec)
where D = Desired distance

R = Reference distance 1-’iin can be easily calculated using the number of
a = Absorption per unit distance of the A. aircraft from Table 81 and Eq 4:

weighted spectrum (i.e., absorption is a
funct ion of spectrum which changes with n
distance). Ldn = I ! (LAE + 10 log Nd)

i=l
At 750 ft (229 m), for example . it is estimated that

t he weighted absorption is I dB/l000 ft (0.0033 n
dB/ m) f’or the helicopter spectrum. The level + ~ 

(L~~~1 + 10 log N~ + 10)J
becomes i=l

LD = LR —20 log (750/ 500 ) —(l.O/l000)(750-500) — 10 log 86400 + 7

LD = LR —3.8 Substituting,

‘Fab le B4 presents t he A-wei ghted , slow , max imum Ldn = ((89 + 10 log(144)) + (93 + ID Iog (27))
salues at 500 and 750 ft (152 and 229 m) determined
using the above correction. Figure 81 presents the + (93 + lOlog(9)) + (89 + IOlog(16) + 10)
maximum level relative to 500 ft (152 m) versus slant
distance, includin g an estimation of the absorption + (93 + 10 Iog(3) + 10) + (93 + 10 Iog(0. I) + 10)1
ef fects.

— ID log 86400+7

Table g~ yields
A -Weighted , Slow, Maximum Level, for the A ircraft Used

_______________________________ 

Ldn =[l08 + 104+100 + 108+105 + 1001

A.Weig htad , Slow , Maximum Level — 10 log 86400 + 7

A ircraft SOO ft ( 152 m) 750 ft (229 m)
Slant Distance Slant Distance Adding the numbers in bra ckets on an energy 

- - .-——--- .——— — bas is according to Eq 2 yields:
t I l t 82.5 79
\~( (, 87 83 L~~ =l I3—l0lo g 8M00+7( 11 4” M” 83

Ldn = 70

‘t he t y p ical duration between the point 10 dB After 35 is subtracted (as suggested by the EPA),
down f’r’im the A-weighted, slow , maximum level at this L

~jn va lue is in close agreement with NEF results
5i00 ft (152 ml, as found from CERL data, is abou t calculated fro m published data,

14

- ~~~
. -~ 4 4, .~4 ;-~L~-

5, .,’
- - -



I-

20

10 -

3ct~F T  500FT 1000 PT 2000 FT 3000 FT
91M 152 M 305 M 607M 914 M
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Figure Ri. Estimation of the maximum , slow , A-weighted level relative to 500 ft (152 ml vs slant
distance for rotary-wing aircraft.
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