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Quality for Construction and Operation of Military Facilities”; Task 02, “Pollution
Control Technology”; Work Unit 008, “Prediction and Reduction of the Noise
Impact Within and Adjacent to Army Facilities.” The OCR number is 1.03.001.

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

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

COL J. E. Hays is Commander and Director of CERL and Dr. L. R. Shaffer is
Deputy Director.
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USER MANUAL: INTERIM PROCEDUR E
FOR PLANNING ROTARY-WING AIRCRAFT its compatibility w ith the characteristics of Army
TRAFFIC PATTERNS AND SITING NOISE- operations. A third document, the 15 October 1975
SENSITIVE LAND USES letter from t h e  Installations and Housing 1)eputy

Assistant Secretary of Defense, subject:  Air Insia lla -
REFERENCES lions Co;up uiih!e Use Zone Noise Des criptors.

amends t he firs t two references to include a correc-
,4, r I nsta lla t ions ( ‘ornp atth le h o ’  Zones , DOD lion to meter readings for helicopter noise as well as

Insiructiot i 4l65-S 7 (Department of DefCnse) . use of the Day-Night Equivalent Level (Ldn. de-
scribed in Chapter 2) as a descriptor.

(~t), ,.~l, i,eli(,n Cr iteria Manual .  1)0 I) 4~ “0. 1- M
( Department of Defense) . Purpose

Fliaka~. P. i. Deputy Assi’,tant Secretary of De- The purpose of this report is to establish interim*
iense. Installations and Housing—ID. Air Insia!- procedures based on criteria established in a corn-
lat ions (u m~iatthle Use Zone Noise Descript ors . panion report ,~~ echnicul Background: Int er im Cr,-
letter of IS October 1975. len a /~r P/w ining Rotary-Wing Airc raf t  Tr ic

Patterns and Siting Noise-Sensitive Land Uses, ’
I nf o r m a t i on on / , % t ’ls f  Lnvironp nent al Noise These procedures can he used to determine the loca-

Rt ’quis iie to Prot ect Public Health and Wel/ are tion of rotary-wing aircraft traffic patterns and
an Adequate Marg in of Sa(~’ti , Report ingress and egress corridors into an airfield or heli-

55~0/9-74-(X)4 (Env ironmental Protection A gency, port area to avoid conflict with noise-sensitive land
1974). uses, and to provide criteria that enable planners to

site noise-sensitive land uses with respect to an estab-
Schomer . P. 1). and B. L. Humans , Technical Buck- lished airfield or heliport . The operations plan estab-

ground: I,,t, ’ri,n Criteria / i r  Planning Rotary ’- lished using these criteria will define areas where
Wing Air cra/ i ir a/ / i c  Patterns and Siting Noise- helicopter noise may or may not he a problem.
Sensitive Land Uses. Interim Report N-9 (Con- Implementation of this plan will insure compa~ihIe
s t ruc t ion Eng ineering Research Laboratory development and future unimpeded airfield capa-
ICERLI, 1976). bility.

1 INTRODUCTION EVOLUTION OF NOISE
IMPACT MEASURES

Background
Measurement of Noise Impac t

Urban development has been encroaching on miii-
— tary and civilian airfields in recent years . In particu- Several measures of noise impact have historically

lar, residential development has been occurring in been used for aircraft noise . This section describes
areas subject to  high noise levels which emanate the three most significant ones used in the United
from aircraft and airfield operations. lhe Army has States—Composite Noise Rating. Noise Exposure
,in obligat ion to protect the well-being and safety of Forecast , and Day-Night Equivalent Level.
persons and property in Army airfield environments
as well as to use public funds judiciously in con- The Composite Noise Rating (CNR), conce ived in
strucl ing facilit ies near airfields, about 1952, was t he first attempt at evaluating corn-

munity noise. In its present form. Perceived Noise
Since t he prediction of rotary-wing aircraft noise Level (PNL) tables and graphs are used to derive a

impact is still under development , cr iteria which noise rating and the expected community response.
permit easy interpretation of existing published These tables and graphs are available for fixed-wing
guidelines are needed. The construction Criteria aircraft but, due to the present state of helicopter
Manua l and the Air Installation Compatible Use

are two Department of’ Defense (DOD) docu-
ments t hat define land-use restrictions. Both docu- a more detailed procedure for use in highly complex opera-

- - . lions and in situations of great Impact Is currently being devel-
ments describe three zones w hich impose varying aped at the Construction EngIneering Research Laboratory
degrees of restriction on land use in order to Insure (CERL).

7
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pIcltk t io t i . not tor I’oI,lrs -wioi,~ ~IircI- a fI .  Rt-suhls tst iiioiihs kt i iss ii as t h e  ‘ h I ’A  Ic~cls I)ocuiiiei,i. ” pro
i t S i s  I’ , 101.11 55111),’ .ilrcr,It t sstl l  be ava ilable itt the suit ’s more tntti ri iiat ion ofl ~~~ and ho~ it is used .
near future.

Definitions of Terms
I be t’NI. i ahl& -s and graphs . along w i th  hree

cot l’ecllons tot’ ens ironnientat eoridit torts , arc used in I “s( I — —Above (;rnuttd 1 es eI
t he calculat ion of (‘NH. I best- corrections are: (I
ssi ’n~}1rif1g fo r the nine of day (dayt ime (Y~tX )  to 22(X) 2. ( afflict with i noisi’ -scr is i t i v e land use— -\
hrs . and nighttime 2 20(1 to 07(8) hrs ). ~2) seasona l day-ni ght equivalent level ([ dri l III excess of (iS

t th  bisiment - ant i (3 )  the number et aircraft opera.
ilolls tw it  hi aver :i ~c duration a ssu med . .1. Grou sid ti 1st a nec— l) r a nec ali ing the g ri mud

measured from the pro~cct ton of the a ircraft on the
Ihe Noise 1 sposure Forecast (NEE) was con- ground to the observer (Figure 1) .

ee ls cd iii I 967 based on new data and furl her stud y
of ( NH. ;is a het tt -r c\pression of aircra ft classitica- 4. Ingress and egress corridors—A pproach and
11011 .111( 1 performance. l’hc Et’lCctivc l’erce ised Noise departure corridors (and other tr ;it ’tic corridors)
I v’se l 1 PNL.) . a much more complicated consputa- where flight altitudes are less than the alt i tude AGL

n thait PNL. is used as the basic noise measure in required to maintain a day-night equivalent lesel not
c.ilctilati ng NEF. exceed ing 65.

-\hong with EPNL data, number of operations per 5. L(f ,1—Day -n i ght equivalent level is the averag e
d~is and night is also used as input fur NEE. As in (on an energy basis) A-wei ghted noise level inte-
( NH . a penalt~ of 10 dB is added fur nighttime grated over a 24-hour period (wei ghted for t ime ot
( perat itiii~~. I hat is . for the sante average number of’ day).
.iircra ft operations per hour during the da~t ime and
nightlinie periods , the NEF value (or nighttime 6. NEF—Nuise Exposure Forecast is the total
operat ions is 1(1 dB higher than fur daytime opera- summat ion (on an energy basis) over a 24-hour
lUll)’,. Finally, the calculated NEF values around a period (weighted for time of da~) of Effective Per-
c is e t i  airfield .irc lowered in absolute value by sub- ceived Noise Level minus the constant 88.
I racling a coils ! ant (88) Iii avoid contusion with other
muse measures sllch as CNR. 7 . Noise-sensitiv e area—Areas including one or

more of the fullowing: bachelor and family housing.
I he 1)a~ Nighl Equivalent Level (1-(ln) was deve l- temporary fudging, recreation. we lt ’are and religious

Iii llrovute a single-number measure of time - fac il itie s designed for the asst .-niblv of groups of
sa r’, ing noise or a specif ied t ime period . In other people, and medica l facilities. Additional ly, the
ssii rtIs . Ldn uses t he energy equivalent concept . Department of the Army includes school huildings.*
s hich represents a fluctuating noise level in terms of
.1 slca ( ty -state noise having the sante amount of total 8. Operations
nen,’s . Ihe specitied integration time is 24 hours . a. In a traffic pattern, an operation is a takeot ’t’

or band ing.
in a similar although not abso lutely equivalent b. In a corridor, an operation is a f ly-by.

fa s hion to (‘NH and NEF. Ldn applies a l0-dB car- c. ‘l’ouc h-and-go operations are counted as
i-eel 11)11 Ii) account fur the increased annoyance due Iwo operations,
I ’  noise duri,ii~ the night hours. I’h~ noise level is
measured in A-w e i ghted sound pressure level. ~~ , Slant distance—The distance measured from

the closest edge of the noise-sensitive facilit y to the
I he I nvlrorlnic’ntal Protection A gency ( EPA) has center of ’ the corridor (Figure I).

chosen , and DOt) has accepted . L&ln its the best
measure fo r silualitins w here people are af lCcted by
noise f i r  exten ded periods of’ t ime. ft is rccogniied - -- - -
th~it 1-dn ts not necessari ly the best measure for “this priM~e(t iirv should not pret’Iudv s it ing a whoot In a n,’ ise -

inipulsise noise. In/ or mat ion o,, Levels (If I~nt ’aro n- seTi sit is e are a S~hen t he schoo l subjec t relale ’. directly to t hc noise
s’’urt-e, such as a pi oi training class room at an airt ielit - Prope ri, ii-,, t~l .*solSi, Reqi~i s i i ~’ to Protect Publi c Healt h and acoustical considerations must be incorporated 101,’ Ihe design

~% el;a re wi th an Adequat e M a ,~gsn o/ .Sa/ e tv, COfli-  th e school.

8
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/“ I” GROUND DIST ANCE ‘1 ~PROJECTION OF
/ AIRCRAFT ON THE

GROUND
tOBSERVER

(NOISE—SEN SIT IVE FACILITY)

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

10. Planning slant dist ,ince—The recommended the use or proposed use is residential. Zone 2 is a
slant distance which would insure that the noise larger area iii which similar problems with regard to
sensitive facility would not he subjected to an L~j~ ot her uses may occur. Zone I. all land outside Zone
level of greater than n5, 2. is an area in which essentiall y no such difficulties

may be expected . NEF values above 40 and Un
values above 75 are considered to be in Zone 3:

3 DEVELOPMENT OF NOiSE values of 30throug h40NEF or b5 through 75 Ldn in
CONTOUR SYSTEM Zone 2: and values below 30 NEF or 65 Ldn in

Zone I.
Approach

The DOD Constructio n Criteria Manual recom-
(‘ER L ileve loped distance criteria for the place- mends that bachelor and family housing, temporary

ment of famil y hous ing and other noise-sensitive lodging, recreation , welfare and religious facilities
land uses from rotary-w ing aircraft patterns in designed for the assembl y of groups of people. and
Interim Criteri a f o r  Planning Rotary - Wing Aircra t medical facilities he sited in Zone I - In addition, the
Tr u// ic Pattern s and Siting Noise-Sensitive Land A rmy includes school buildings it1 Zone I .
l’ses . Operational d~ia use,l in t he calculations to
establish these criteria were the aver age operations The IS October 1975 1)01) letter , subject: Air
at a typ ical airfield . ‘Fata l number of operations , installations Compatible Use Zone Noise Descrip -
percentage tif nighttime operations . and fleet mix lor.s antends the above two references. One change is
were considered , as in any predict ion methodology, to Compute Ldn in place ot’ (’NR or NEF. ‘l’he other

is a recommended correction of +7d B to he added to
i’hi- !) ODAirIns t al lai ions Compatible Us.’ Zone’s meter readings when helicopter noise levels are

AIC( Z) Instruction describes three iones of noise measured.
impact . Zone .1, the smallest in area , has the largest
lia ise impact on people and is the area in which the ‘This procedure should not preclude siting a school in a

frequency of exposure and inteii sit v are almost sensitive area w hen the school subjec t relates directly to the noise
- - - ‘ 

‘ . source , s uch as a p ilot ‘training classroom at an airfield. Propercertain to produce difficulties in relation to some acoustical considerations must be incorporated into the desi gn of
other poss i ble uses of the area , particularly where the school.

9
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I ii measil re’. if noise impact svere calculated fur Table I

.1 s a r ie t s t distances. NEF is the total summation Calculated NEF and l.~~ Value , Wlt h(~orr~~pondIng SIant
1,111 .111 en c i gs li.isis) over a 24-hour period (wei g hted and Plann ing Slant Distance.’
t ’r lime of day)  i t  I - l’Nl (a sing le-number measure 

— - - - - — -It cotti ples aircraft tl~over noise ‘.5 hich approximates
laboratiir’ , annoyance responses ) minus the constant
~M d H. I)~is N Cli i  Equivalent Sound I.evel (Ldn) is Piannl,i,,

- - 
, , N1~:F Slant t.~11, Slant Slantt he as erai1e’ (on an energy basis) noise lesel (A 

~ lstance DIstant-, DIatant-.’
s setg hied soiint l les t ’ ) )  i’ser a spee’itietl amoUnt 1)1 - -

t i l i ie . a. lOt ) Ave age DaIly Operation.

4(1 3 54 ) 11 II) ” ml 75 .34 ) 1 ) 1 ) 4 1 nil .325 Ii i 149 ITT)Operational Considerations (2 R~( nil “0 “541 ti )22 ’) 1 ml 144 1( 1 Ii 244 nO
31) 1800 11 (54 ’.)ni) S 11(1*) ft (S4~~rn( M~ii Ii S.~ i ni l

Itt se t t ing dist a nce ’ criteria fo r  rotar y—wing airer:tf l
Patte rn usage. tota l number of aircraft operations. b. ISO Av erage Daily Operations

I)ercL’lit~ ge it night operations , and fleet mix were 4)) 5541 0 i~ 3 ml 75 4(5) ft 1122 nil 4 5  t i l l  52 ml
co isidered - as in an’,- prediction methodology , The •~5 l OX) it ( 335 ml 7)) 11(X ) ft (335 ml 11 (X )  ft (3. 35 ml
tota l number ot opcrations was choset i to he tOo per 31) 2) 1) 1)  ft 1701 nil 1,5 25(X) ft (‘12 ml 2400 ti I “ 12 ml

day. [‘his number was made larger than traffic c. 200 Av erag e Daily Operation ,
eit~siu iii ered in the normal pattern . hut it is f el t  that

- . 4(1 1i54) t i (198 ml “5 ~~W ) ft 1152 ml 5’~ ft ( 175 nila Ij r ~~’r t hi i i i  normal number of operations should b 
35 t )15) ft (.191i ml “(1 143*) Ii 427 m l  I i~~) ft 4 1 1  ml.s,n ’ci fn ’d to a/lo w for further gro vt ’th. table I gives 
~ 2~~Xl ft (884 nil ~ 345*) ft (914 nil 29~4l ft 0’ 1)I nil

NI F and “ (tf l  va lues f o r  greater numbers of opera-
(ions , d. .3(X) Av erage Daily Operations ”

4(1 8(X) ft 244 nil “5 754) ( 1 ) 2  i 3 nil 775 ti 231) ml
‘rhe percentage of nightt ime rotary-wing opera- 35 1900 0 5”) rn) ~l) 1800 1; lS49 ni) 1854) ft 514 nil

lions ssa s chosen to he 10 percent. Previous experi-
ence indicates that this figure accuratel y descr ibes 5V a t ues based on fleet nits ot 5)) percent UH- ) s .  IS percent

AU - U s . and 5 percent (‘H- 41s per 24-hour period ~tt h ill per.operations hetss’een 22(X) and 0700) hrs at the typical - ‘ I ‘ ~
. -a nt ii iiptrat li lns tioun .,i night. ( r iss s pad is S l I t  0 kt 45

i rt eld. It should he noted that Increasing n ighttm’te ,o u” km hr).
operations to 20 percent or lowering them to I per- “131k prt~ ei1iirc is not intended hr ex iremet~ large numt’i’rs it

ent would raise or lower the noise impact by only operations . suc h as 300 or more . (‘FRI. should he cI Ti’.’ Itesl
ahotit 2 N Fl’ or Ldn units. before applying these criteria in such cases

l’he last of ’ i he general consideration s—f leet mix
— - - approxiiii~ites ownershi p of aircraft by the Army. as a firsl try. all operations may he increased to re-
Since t he missions of most airfields are dissimilar , a fleet the antici pated total ,
~ pica l fleet mtx ~ as difficult to arrive at. A mix of

8(1 percent t i l- Is , IS percent AH -lGs , and 5 per- Corridors should he created for the anticipated
cent ( I-I-4’7 s ~ as ile- tt ,-rmined to he suff icient, m a x im u m  average daily number t f  operations.
(‘hitit’)es iii t his mix. e.g.. to 40 percent UH- Is . 40 ‘l’ahle I shows recommended planning dist~snces
pei’ccnt ()H- 58s . IS percent AH - IGs . and 5 percent versus t-dn ~tnd NEF establ ished fur 100. ISO . 200.
( I l - 4~ s would affect the noise impact only slight ly, anti 3(X) operations per day. h i s  felt that 100 is the

mm m i  ii ni nit mber of operations that should be used
Applicab Il ity of Method fu r planning purposes w hen actual daily operations

exceed It) , less than 10 operations per day should he
the met hod for calculating noise impact is also ignored when not associated with any ac t i v i t y  that

app licable for predicted or projected operations. If a has lair growth potential. ‘t he lower limit of It)
new ut t it is being assi gned to the airfield , the nuni- operations per day is des igned to all’”.- landing pads
hers of operations tot the activities concerned may be at  the hospital or the base head quarters to he ex-
boosted . ‘l’hjs ntay require that new corridors he eluded from the planning requirements.
created or existIng ones he either widened and or in-
creased in altitude to handle the increased traf’t ic. If ’ i ’h i.s limit notwiths tanding. patterns associated
the spec ific change in operations is not known , then ii ’ ith main airfield operations in the vicinity at the

10

- -,.~~ — - -
~~~

-‘- —-“
~~

- ,



air/ i /e/ it .si’lf ,,,ust he asse, ’..a ’d us ing the 100-opera’ I. ‘rime of day (0700 to 2200 or 2200 to 07(X) hrs)
lion p n zni i i iun s  p iumber . Ve’hen actual operation S 2. Type of ’ helicopter
a~’j i roat ’h / 00 or snor e , a higher operational rungi ’ 3. Direction of approach or departure
s/oat/il , ni rn sally be used so t h a t  an alloti ’anei ’ is 4. Helicopter traffic corridor used
,niuli ’ / i,i- f u tu re  gr ou t / I  and mission change. 5. Destinatitt it or point front which flight origi-

nated.

~ PROCEDURE FOR GENERATING NOISE Wind direction is frequentl y a good indicator of

~è IMPACT CONTOURS the direction of flight, s ince helicopters land and
take ofT into the wind. A wind rose for the airport or

This section provides the means for generating heliport should he on the airfield or heliport map.
noise impact contours for a typical rotary-wing air- Knowing percentages for wind direction enables one
field. Included is a step-by-step procedure covering to infer that the same percentage of total operations
acqu isition of operational data , layout of corridors flew in a certain direction or used a particular route.
and zones , ca lculation of operations . descr iption of This has been found to be a fairly accurate met hod
alt itude profiles, separation of corridors and zones , which correlates well with actual observations.
and calculation of noise impact. In the typical situ-
at ion , two sets of contours (1dn 65 and 75 or NEF 30 Operations conducted at each runway and helipad
and 40) are usually calculated. Wheq more detail is must be known before further steps can be taken to
required, Lj~ 70 (NEF 35) may also be included, calculate noise impact. Examination of each runway
Since one set ot contours is sufficient t’or ex planation and helipad at the fictitious airfield will illustrate the
of the procedure . Lj~ 70 was chosen to be calculated necessary information. A sketch of the base showing
t hroughout th is section, training areas is included in Figure 3.

A fictitious Base X is used to illustrate the pre- Runway 9-27 is used exclusively for fixed-wing air-
scr ibed procedure . Any resemb lance betwee n this craft and will not be dealt with at this time.
base and any government facility , activ e or inactive,
is purely coincidental. Figures are also included to ‘f’he para llel taxiway (paralleling runway 9-27)
clar ify eac h step of the procedure. handles approximately one-fourth of the airfield’s

rotary-wing traffic. The main use of this taxiway is
A lthough the discussion concernl . present opera- t’or rotary-w ing practice touch-and-go ’s which use a

t ions at the base, the method for calculating noise single traffic pattern to the south. (Most of the
impact is equally applicable for predicted or pro- traffic departs to the wes t and arrives from the east.)
jec ted operat ions. During January and February . w hen wind conditions

force use of runway 0- 27, the touch-and-go pattern is
Acquisition of Operational Data reversed .

Number of events is an important part of any pre- Helipads I. 2, and 3 are used for most helicopter
dict ion method . This section examines and illus- flights. A pattern is used to t he south when flights
trates an easily imp lemented met hod for acquiring are not straight-in or -out. During January and
roiary-wing aircra ft operational data , February , w hen erratic wind conditions exist. rotary-

w ing aircraft may take off and land in any direction;
At Base X’ s control tower , records were previously however , heading 90 is used most often.

kept that exhibited the total number of rotary . and
ft.x ecl- win g aircraft operations per month. Since a The helicopter paths in Figure 4 indicate that
more detailed accounting of aircraft improves the most rotary-wing traffic follows landmarks (such as
accuracy of the noise assessment , Base X imple- roads and rivers) in transit to a specific training
mented dail y tabulation of total aircraft operations area. At this base, helicopters usually do not fly
at the a irfield. [)A Form l968-R (Figure 2) illus- cross-count ry or over housing while in the confines of
trafes a typ ical log kept by the flight control tower the reservation (except for VIP and medical trans-
personne l. ‘rhese data, w hen purged of communica- port which are examined later). The frequent use of
t ion cout its. wi ll provide the operational helicopter landmarks by pilots makes the establishment of
activity count for the specific airfield or heli port , corr idors relatively easy for noise impact prediction
These data should be augmented by the following: purposes , as discussed in the next section.

Il
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Layout of Corridors and Zones Airfields and traffic patterns can be handled in
tw t  wa ys . First , if a pattern is small , about I mi (1.6

J o  ident it\- those areas ex posed to noise from kin) or less in diameter , a zone can be drawn around
rotarv-wii ig aircraft operat loiis , it is iiecessaiy to the Pattern . On the other hand , a pattern may be
knoss- sx here t he noise sources (airc ra f t  are . An easy treated ;is a corridor , with an average alt itude of 300
sias to accomp lish th is is h~ t lefi n ing nominal cor- ft  (9 1 m) being used for calculation purposes. This
ridors for the opei.itions . A corridor is a Stri p of cast- would hc applicable for an extremel y large
space on the ground to both sides ot the projection of pattern or one that might contain noise-sensitive
aircraft pa ssing t is crhe . d gr und t rack ) ,  I)etining land uses , The /one method should he applied if the
corridors is especially suited h it’ ro ta i ’ % -is tug .i~i’craft . pattern site varies greatly w ith helicopter type or
since landmai-ks a i r-  t ieq ue nt lv used for navi gation, w ind conditions. Figure 4 shows a zone drawn
‘[he purpose is to have all a irc r ,it t that follow a par- around the helipad and their patterns, and a
ticular route fall inside a corr idor. Corridors also re- corridor system for the touch-and-go pattern.
fleet antici pated or predicted traffic growth f’or an
area. Cases where this requirement is especially Act iv ities such as VIP transport and medical
applicable are at bases where a new unit or increase assistance are exceptions to the above rules for cor-
in operations under special condit ions is expected. ridors and zones. For these activities , if the average
In these situations , corridors niusi he widened, alti- daily number of operat ions is less than 10. no corn-
t udes increased , routes added , or a combination of dors should be drawn.
t hese methods used, as appropriate.

A rev iew of the operations at the fictitious airfield
It should be remembered that in all eases the pur- and routes that pilots use will better illustrate how

A, ‘ pose of’ corridors is not to restrict flight so that corridors are to be established.
normal missions cannot take place. Rather, the
purpose of establish ing corridors is (I) to facilitate Figure 4 shows the touc h-and-go pattern for the
assessment of noise impact; (2) to aid planners in parallel taxiway. No aircraft ever leave the touch-
siting noise-sensitive structures , suc h as housing and and-go pattern. During January and February. the
barracks; and (3) to establish sufficient routes into winds change direction (from heading 270 to 90) and
and out  of the airfield for present or predicted opera- f’orce t he pattern in the opposite direction.
t ions without impact (present or future) on noise-
sensitive land uses or airfield operations. Figure 4 Stagefield training is performed south of the
shows the Lo rridors at the fictitious base. cantonment area. ‘The principal route used to gain

access to this area follows the railroad tracks , as
it is recognited that corridors cannot be drawn for shown in Figure 4. Aircraft normally depart from the

every foot that helicopters travel because of the helipad us ing the south pattern in order to get to the
nature of rotary-wing flight. For some types of act ivi- railroad corridor. Approaches arr normally straight
t ies that are removed from housing and other noise- in t’rom the ra ilroad tracks fO months of the year.
sensitive land uses , drawing tones surrounding the January and February winds result in straight-out
activity is sut ’ticient. Activities warranting this treat- departures and pattern arrivals.
ment are training courses and ot her large areas
w here descri pt ion of helicopter flight by corr idors is Aircraft for combined air-ground FTXs follow the
not poss ible. Figure 4 shows zones drawn around the highway west of the base to reach their destination.
Field ‘l’ra in ing Exercise (FTX ), Nap of the Earth Westerly w inds 10 months of the year mean that
(NOFJ. and stagef ield areas. * These zones represent depart ures are straight-out and approaches use the
the land overflown by most of the aircraft perform- st)Uth pattern from the helipad to get to the highway
ing the act iv ity~ ‘These zones , as exp lained before, corr idors. Easterly winds reverse approaches and
are at best only good approximations, since occa- departures. It should be mentioned that the pattern
siona l stray aircraft are impossible to chart. The used for the helipad is not well defined primarily due
planner must be aware of these unavoidable approxi- to  variable winds and differences in flight character-
mations. istics of ditTerent aircraft.

Calculation of Operations
‘I h’  (list CiSsilun I’, un  Uxulmpk’ i’n l~ - At some bases , c rrudors

flht% hi’ the Fu r r ed  IIFiLV t o desc ribe NOF training. stagefield Once corridors and zones have been created , the
V I t I r k  etc average number of dail y operat ions per corridor an d
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ione should he approximated as a next step. An corridors and ,ones * using data supplied ~n ‘Fab le I -

operation is defined as a takeoff or landing in a Exact altitude, of course , is very difficult to ascer-
patter n or a flv’hy in a corridor. A touch-and-go is ta m , but average alt itude can be obtained front
counted as two operations. Initiall y. average daily personnel fam iliar with the airfield and its opera-
operations should he recorded for corridors , t he tions. Frequently . pilots w ill ascend, descend , or
easiest of t he two to chart . attain level flight when reaching ground landmarks.

Data for the corridors can be obtained from Figure 6 shows the altitudes for the fictitious base.
records kept at the control tower , pilot logs, v isual Transition points (change from an ascent or descent
counts taken in the corr idor, or est imates by person- to level flight) are shown by bars perpendicular t o

nd fant iliar with operations at the airfield. Estimates the corridors. As can be seen , rotary-w ing aircraft
are used for the example. cruise at 1500 ft (457 m) AGL alor.g the highway

route and 1000 ft (305 m) along most of the railroad
The number of operat ions is expressed in average route. It should be remembered that larger aircraft

da ily units. ‘l’his means that a typica l mont h from have very different climb characteristics than others ,
t he year is selected, and the total operations for that thus necessitating consideration of average charac-
month divided by 30. This method produces an ter istics , suc h as climb and turning radius.
account ing of operations that reflects average eondi-
tions for an entire year. Separation of Corridors and Zon es

Figure 5 shows present operat ions entered on the As a next step. eac h corridor and pattern is
m~tp for each of the corridors leading to the various divided into sections according to change in opera-

- :“ activ ities shown. These operations were given by air- tions and change ii altitude. Table 2 shows these
fie ld personnel and further refined by observat ions changes corresponding to the numbered sections in
in the field. Figure 7.

Knowing the traffic for corridors makes calcula- 
— - - - -

- . , , Zones arc discussed in detail in Calculation of Noi,e Impact.
lion of operations in the patterns somewhat simpler.
Initially , it will be assumed that winds are always 

T hi 2
wester ly. First, for t he FTX air-ground route along a

the highway, t he total average daily number of Aversge flaliy Operatlon.for Sectlon. In Fiiurr 7
operat ions is known to be 70. It can be safely
assumed that of these 70, 35 are departures and 35 Present Avtr5 ie Dali-v
arriva ls. If the winds are westerly . then the 35 Scction No. Altitude Averaae Dally Operation.
departures w ill he straight-out . taking off directly tSee Figu~~7) In II AG L Operation. forCalculatlon
into the wind. ‘I’he 35 arrivals will use the pattern for

- I !Oh1i’~~ tiOthe helipad by making a 180-degree left turn south of 2 ,one i t S  tSO
the helipad and landing into the wind. ~~~ i~ tX) 7(1

(152 - 45” ml

The NOE and stagefield routes along the railroad 4 500 - I(XX ) IhO 2(5
trac ks are known to handle 160 average daily opera- t 152 - 305 ml

tions’—S() for NOF. and 110 for the stagetield. Divid- 0 t(X )

ing the 160 total operations into 80 arrivals and 80 i~~o 1(1) 2(5)
departures , the 80 arr ivals will he straight-in, (305 nut

directly into the wind. The 80 departures will take 7 4(5) - itiKi i i( t  ISO
off to the wes t , then make a 180-degree left turn and (122 - 305m)

(4 4(5) ii)) ISOproceed to the east. ( 122 nil
‘I ionv 1(1 1(X)

Description of Altitude Profiles in Corridors , io ,one 50 ion
II ,one I t O 1St.)

In order to ca lculate noise impact on the ground, . . -‘Present average daily operations are raised to itS) , I 54) . 200, at-one necessary factor is knowled ge, of altitude. Once 
.~~~~ ~~~~~~~~ to re lied average daily operations to be used lit

average altitude and average daily operations are calculation.
known , it is relativel y easy to draw contours around Zonrs are discussed in the neat section,

lb
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As a v~uide. if more than IS sections have been —~~~~~~ A RCRAFT IN FLIGHT

~~
‘
~~ ‘ CENTER OF CORRIDORcreated fo r a base , except for bases with hundreds of

dail s operatiot ls .e t’tort should he made to reduce the / i \number of sections. Reductions can he accomplished
h~’ simp lifying altitude profiles or grouping nearby
corridors - 0

~-~-
*/4 )-~~~~

Calculation of Noise Impact ~ g

Once the foregoing sieps have been completed . the 

/ 1029 FT
calculat ion and generat ion of noise contours are
relaii~el~ easy. ‘lhis calculation is accomplished by

~GNOUND D ISTANCC~~~~G!OUNO OISTANCE-
(leciding which contour or contours are to be drawn. ~~ it CAI.CUL*TCD TO St cALCU LATED

and ihen consulting Table I to find the applicable
planning slant distance for the number of opera- a. Head-on view of helicopter in flight.
t ions. Since altitude has already been recorded in
‘l’ahle 2. ground distance (the distance of the contour
from the corridor) can be calcu lated from slant
distance and altitude. 

SLAN T DISTANCE

The () Lin contour wi ll be calculated for corn -
dors . Those sections where a constant alt itude is
maintained (sections 5 . 6. and 8 in Figure 7) w ill be ~~~~~~~~~
examined first followed by sect ions of ascent and i
descent (‘ .ections 3. 4. and 7). For zones , areas where 

(<,~~~~~
/‘ ‘° 

~~~~~~

operations are scattered and unpredictable (sections 
— ~~9, tO, and II) w ill he examined as will patterns (sec- /A ~~~~~~ ,‘~j v J

tions I and 2). Finally, contours will he drawn as the ,,~~
‘ I \\,‘6r ~fculmination of the ent ire procedure . 

‘
~~~ IIOO FT(‘orr idors—L eve! Flighi / 1/’ ~ 400 FT

GROUND GROUND . 0025 FT‘l’he concepts of’ ground dist ance, altitude, and D~~TANCE DISTANCE

slant distance can he more easily visualized by
ex.iminiilg Figure 8. Point 0 in this figure represents b. Perspective view showing altitude slant distance.
a spot along the corridor directly below the aircraft. center of corridor, and the contour lines parallel-
Slant d istance , altitude, and ground distance have ing the corridor.
all been labeled.

FIgure 8. View of helicopter in level flight. Metric
In ‘Fable 2. altitudes and present average daily conversion factor: 1 ft = 6.3048 m.

operatio ns for the sect ions (defined in Figure 7) have
been entered . In addition, the present operations Ground distance can easily be calculated from
have been increased to 100. 150 . 200. or 300 to allow altitude and slant distance, s ince a right triangle is
toi - future growt h or mission change. The increased involved . The Pythagorean Theorem states that the
numbers of operations correspond to sections a, b, C , square of the hypotenuse of a right tr iangle is equal
and (I of Table I - to the sum of the squares of the remaining two sides

or:
As t he first examp le , the 70 Lj n contour w ill be a2 b2 + C2

calcu lated for section 8. the level flight corridor from
the MOE area to the stagefield. Noting from the last where a = Slant distance
column in [ab le 2 that there are 150 average opera- b = Altitude
tions on this corridor , Table lb is chosen as the c = Ground distance .
correct data source. It is found that for an Ldn of 70,
150 operations give a planning slant distance of 1100 Substituting the numbers from this examp le and
ft (33 5 m). solving for ground distance gives

20
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c = ~[I[ -4~~ produces a slant distance of 1100 ft (335 m). The two
- . end points , 400 ft (122 m) AGL and 1000 ft (305 m)

c = 1025 ft (312 m) ground distance .AGL are shown from a head-on view in Figures 9b
Alternately, the tables or figures in the appendix can and c , as for the previous examp le. Two sets of
be used to find ground distance if number of average ground distances , one for 400 ft (122 m) AGL and
da ily operations and altitude are known. Using these one for 1000 ft (305 m) will be calculated .
chart s or graphs eliminates the need for calculation.

The first part of the change in altitude (400 ft 1122
‘J o find the i~round distance hr the ~0 Ldn con- ml altitude) can be calculated using the previous

tour w ith ISO average operations at an altitude of equation with 1100 ft (335 m) as the slant distance
400 it (1 22 m), Table A2b is consulted ; 1025 ft (312 and 400 ft (122 m) as the altitude. This gives:
m) is the correct ground distance. If desircd, Figure 

-~~~

A2h can he used sim ilarly to obtain the same result. C
It should be noted that when using the appendix ,
Table I is not consulted and slant distances are not c = 1025 ft (312 m) ground distance
used. A ll examp les in the text are explained using
Table 1 and the concept of slant distance; the reader The last part of the change in altitude (1000 ft
can ver ify these examp les by using the appendix. [305 ml altitude) is also easily calculated . Again

using the slant distance of 1100 ft (335 m) the
The distance of the Ldn 70 contour from the ground dista”ce is 458 ft (140 m).

center of t he corridor is 1025 ft (312 m). The contour
can be drawn easily by measuring 1025 ft (312 m) The drawn 70 Lin contours for sect ion 7 are
from t he center of section 8 at several locations and shown in Figure 9d. At the point on the ground
drawing a pair of lines paralleling the original where 400 ft (122 m) AGL altitude is attained, 1025
corridor. ft (312 m) (the ground distance) is measured perpen-

dicular to the center of the corridor. In like fashion,
Section 6 is done in the same fashion. For 200 458 ft (140 m) ground distance is measured perpen-

operations. Table Ic is consulted. To calculate tI~e dicular to the center of the corridor where 1000 ft
Ldn 70 contour , a 1350-ft (411 m) planning slant (305 m) AGL altitude is attained. Straight lines are
distance is used. Letting the altitude equal 1000 ft then drawn connecting the measured points on both
(305 m) and the slant distance be 1350 ft (411 m), sides of the corridor to generate two contours , as
the ground distance can be found to be 907 ft (276 shown in Figure 10.
m).

The 70 L1j0 contours for section 4 are calculated in
Section 5 is begun similarly; for 100 operations, the same way. Consulting Table ic for 200 average

Table Ia is consulted . To calculate Ldn 70, an 800—ft operat ions, a 1350-ft (411 m) slant dtstance is used.
(244 m) planning slant distance is used. However , Since aircraft change altitude from 500 to 1000 ft
cons ideration of this situation indicates that the (152 to 305 m) AGL. two calculations are required,
slant distance is actually shorter than the altitude, producing ground distances of 1254 and 907 ft (382
w hich means that there is no noise impact for the 70 and 276 m) respectively for the two altitudes.

n contour.
Ascending and descending turns can also be

Corridors—Altitude Transition handled using this method . As an examp le. a right
turn ascend ing from 400 to 1000 ft (122 to 305 m)

Slightly more calculation is required for ascents or will be considered. It will be assumed that there are
descents. Section 7 from Figure 7 will be used as an 150 operations and that the 70 Un contour is
examp le. Figure 9a shows a side view of the change desired. From Table lb. it is seen that a slant dis-
in altitude from 400 to 1000 ft (122 to 305 m) AGL. tance of 1100 ft (335 m) is to be used.
It will be assumed that this change in altitude is one
segment and aircraft are climbing/descending at a The distances to the contour edge are calculated in
constant rate. a manner similar to section 7 as described above;

that is. the end points of 400 and 1000 ft (122 and
Since the average number of daily operations is 305 m) AGL altitude yield ground distances of 1024

ISO, Table lb is used to determine that an L~j~ of 70 and 458 ft (312 and 140 m) respectively. However,

21
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more points should he cal~-ti I.lteIl along a curs ed see- 
~~~~~~~~~~~~~ 1000 FT AQL

lion fiw greater aec urac\ - Fhi~ ent ails dividing the
curved corridor into thirds and calculati ng the
ground distance hr the ext ra  tw o  po ils - I— or the ‘

~~~

examp le. t he 90-degree r,i~Iit turn has been tr isected

A(;L arc a~stime d to be attained . (;l’Ound d~~~ fflcc l~ 
~~~~~~—S  TRAIGHT SEGMENT

then ca lculated usailZ tab le I 1’ . yielding O ’~’ anol 755
ft (2S I and 130 m) (‘or t h e  two  points. ‘[‘he 70 Ldn

- - 400 FT AGLcontours are t hen drawn liv riieasurlng griand dis - 1024 FT 1024 FT
lance perpendicular to the curve and connecting the
measured points , .is has been done in Figure Il, VIEW FROM SKY

FIgure 12. Strai ght segment drawn on inside of turn.

1000 FT Metr ic conversion factor: 1 ft 0.3048 m.

~ coincident with the corr idor , as was t he case for
800 FT -

‘ -sect Ion 5.

Fi gure l a  was drawn to find where the contour
and corridor first coincide. Although slightly

ç0 / 
, exaggerated in the drawing, a ground distance of 0 ft

600 FT beg ins when the altitude is first equal to the slant
distsnce, i.e., at 800 ft (244 m) AGL.

c,~
0

400 FT Figure 14 also illustrates where the contour and
corr idor coincide. Since the ascent is presumed to be
at a steady rate. 800 ft (244 m) altitude is attained

I P~. ~ cO approximately one-third of the way between 500 and
1500 ft (152 and 456 m) AGL. This contour can then
be drawn on a map, as in Figure 7, to reflect a

ALL SLANT DISTA NcES : 100 FT ground distance of 624 ft (190 m) where the aircraft
is first at 500 ft (152 m) AGL and then decreasing to

FIgure II. Perspective view of an ascending turn. 0 ft one-third of the way between 500 ft (152 m) and
Metric conversion factor: 1 ft = 0.3048 m. 1500 ft (456 ml AGL along the corridor.

1- r sharp (substantiall y in excess of t he standard ZonEs
3-degree/sec turn) turn segments of 90 degrees or
less , a straight contour can be drawn on the inside of Zones where helicopters are flying in alt unpredict-
t he turn connecting the two contour end points , as able manner (as in sections 9, 10, and II) can be
has been done in Figure 12. Strai ght line segments handled very simply. If these act ivities take place in
should not he drawn for turn segments in excess of an area remote from noise.sensitive land uses, effort
90 degrees. f t should he noted that i~ Ir ca lculation expended in charting individual routes and calculat-
purposes. a turn should he divided into more than ing noise impact for each activity would certainly be
t hree sect ions when the turn segment exceeds 90 wasted. Therefore, placing these activities in zones
degrees . saves t ime without a loss in accuracy. A buffer area

surround ing each zone provides an adequate margin
Calculating contours for section 3 is slightly more for increased activity or mission change inside the

difficult than for sections 4 through 8. There are 100 zone.
average daily operations with an altitude change
from 500 to 1500 ft (152 to 4~ h m) AGL. Using a Drawing contours around zones 9, 10. and 11 (the
slant dista nce of 8O() ft (244 m) from Table Ia , the FTX , MOE , and stagefield areas ) is very s imple.
lower altitude gives a ground distance of 624 11(190 Consulting Table 3. a buffer area of 693 ft (211 m) is
m), The higher altitude gives no noise impact for the to he drawn around zones to reflect Un 70 (NEF 35)
70 Un contour or . in other words , the contour is contours . For Un 65 (NEF 30) the buffer area would

L 
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a EXAG GERATED REPRESENTATION
81 lb OF THE POINT WHERE
“III-” CONTOUR AND CORRIDOR

FIRST COINCIDE ISLANT DISTANCE TA LTI T UDE)

AG L

500 FT AGL

b ~SiD( VIEW

624 ~~~~~~~~~~~~~~~~ 

CENTER OF CORRIDOR

624 FT
C VIEW FROM SkV

FIgure 13. Calculating contours for ascents and descents for section 3.

I,

4. I.-

•00 fr~.

/ 0 ~ 
‘— SLANT DISTANC E

~ 
-,--

,,-~~ a24 FT
GROUND DISTANCE

FIgure 14. Pictorial for aseents and descents showing the point where contour and ground trac k
coincide. At this point, the altitude equals the slant distance. Metric conversion factor: I ft =

0.304Mm-
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Table 3 Table 4

Calculated Ground Distances for Buffer Area, Cakulated Ground Distanc e. 1~. Buffe r Area,

Drai n Around Remote Zone. Where Helicopter. Drawn Around A irfiel d Zones and Co,~ldor,
Ar, flying in an Unpredictable Manner’ Close to Populated Area?

Planning Planning
Ground Ground

NEF Distance NEF 
- -  

L~~ Distance

70 693 ft (2 11 ml a. 100 Aserage Daily Operations
3t) 65 1755 ft (535 ml

_________ ________________ 44) 75 125ft (3a m)
35 70 742 ft (226 m)

* Ibis table goes recommended ground distances rather than 34) (5  t ’~75 ft (54 1 ml
slant distances and is not niended f i r  extremely large numbers of
operat ions, suc h as 3(X) or more - CERL should be Consulted be- b. 150 Average Daily Operations
fore applying the criteria in such cases. 40 75 400f t ( 122 m)

35 70 1058ft( 322m )
be 1755. ft (535 m). This buffer area will provide 238 1 f t (72 6 m)
sufficient protection for moderate future growth.

c. 200 Average Daily Operation,

A irfields are to be handled differently. If zones 40 75 491 ti l iSO ml
have been selected to be used around patterns where 35 70 1316 ti 1401 ml

the operations are scattered, the following procedure -~~ 2935 ft (895 ml

should be used. The buffer area can be ascertained d. 300 Average Daily Operations”by finding the average daily operations for calcula-
t ion from Table 2 and then using the appropriate 40 75 687 ft ( 209 ml

35 70 1826 ft (557m)
chart from Table 4 for the ground distance. For the
helipad pattern (section 2 in Figure 7), the average ‘This table gives recommended ground distances rather than
number of daily operations is 150 (Table 2). Table slant distances because a standard altitude of 300 ft 491 ml AGL
4b reveals that a 1058-ft (322 m) buffer should be has been assumed for operations in zones and corridors close to

drawn around the zone for Ldn 70. populated areas,
“This procedure is not intended for extremel y large numbers of ’

operations, such as 300 or more. CERL should be consulted
If the corridor method for airfields has been before applying these criteria in such cases ,

chosen because fli ght paths are fairly predictable, or
if t he pattern is large . the same met hod can be used; is unshaded and is zone I. This largest area repre-
t hat is the number of operations is found from Table sents Ldn values below 65.
2 and the correct chart is chosen from Table 4 to pro-
duce t he butter ground distance. The touch-and-go It should be noted that Zone 3 is not necessarily
pattern (section I in l:igure 7~ has a buffer ground present everywhere that helicopters tìy. Zone 2 need
distance of 74 2 ft (226 m) for an Ldn value of 70, not be present if helicopters fly high enough or the
since there are  1(X) average daily operations. operations are few.

Noise Impact Map
CONCLUSION

Fi gure ISis a map of Base X with 70 Ldn contours 5 AN D RECOMM ENDATIONS
drawn according to the procedures explained above .
Normally, two or more sets of contours are included ConclusIon
on one map to show greater degrees of noise impact.
This has been accomp lished in Figure 16 using the This report presents a method to determine noise
DOD-defined AICUZ zones described in Chapter 3. impact generated by helicopter operations on and
Zone 3 is depicted by the darkest shading. has the adjacent to military installations. In addition, the
largest noise impact on people, and represents Lj~ report contains criteria to be used for determining
va lues above 75, Zone 2, shown by lighter shading. the siting of noise-sensitive facilities or for structur-
does not have as great an impact and represents ing new or modifying existing helicopter traffic corn-
values of 65 through 75 Ldn. All land outside Zone 2 dors to avoid noise impact on sensitive areas. It is

25
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recognized t hat the data and criteria in this report be used by installation commands having helicopter
arc an initial step in addressing the noise problems units permanently assigned or commands which
characteristic of helicopters; they are therefore an support training activities of military elements which
inter im solution to the problems until more precise have helicopters organic to lheir units.
data become available.

2. These procedures be used for planning the
RecommendatIons proper siting of noise-sensitive facilities and the

development of helicopter traffic corridors, and for
It is recommended that: implementing the DOD AICUZ program as may be

appropriate to the civilian areas in the vicinity of the
I. l’he procedures set forth in this user ’s manual military installation.
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APPENDIX:

CH A RTS A ND GRAPH S
FOR DETERMINING GROUN D DISTA NCE

Table Al

Ground Distances for 100 Averagr Daily Operations’

a b c

7 SL de 4O NEF 70L ,~, 35 NEF 6SL de 3ONEF
Planning Slant Distance = 325 ft Plannlug Slant DIstance 800 ft Planning Slant Distance = 1800 ft

(99 m) (244iss) (549m)
Altitude Ground Altitude Ground Altitude Gr.~nd

AGL Distance AGL Distance AGL Distance
film) tiles) f t tm) fi lm) tiles) film)

325 (99) 0 tO) 800 (244) 0 (0) 1800 (549) 0 (0)
300 (91) 125 (38) 750 (229 278 (85) 1700 (518) 592 (180)
275 (84) t 73  (53) 700 (213) 387 (118) 1600 (488) 825 (251)
254) (76) 208 (6 3) 650 (19$) 446 (142) 1500 (457) 995 (303)
225 69 235 (711 600 (183) 529 (161) 1400 (427) 1131 (345)
200 (61) 256 (78) 554) (16$) 581 (177) 1300 (396) 1245 (379)
I’S (53) 274 (83) 500 (152) 624 (190) 1200 4366) 1342 (409)
ISO (46) 288 (88) 450 1i3’ l 661 (202) 1100 4335) 1425 (434)
125 (38) 300 (91) 400 (122) 693 (2 11) 1000 (305) 1497 (456 )
IOU (30) 309 (94) 350 (107) 719 (219) 900 (274) 1559 (475)

75 (23) 316 (96) 300 (91) 742 (226) 800 (244) 1612 (491)
54 ) 1 15 )  321 98) 25() (76) 760 (232) 700 (213) 1658 (505)
25 18) 324 (99) 200 (61) 775 (236) 600 (183) 1697 (517)
0 (0) 325 (99) ISO (46) 786 (244)1 500 (152) 1729 (527)

100 (30) 794 (242) 400 022) 1755 (535)
50 (IS) 798 (243) 300 (91) 1775 (541)
0 tO) 800 (244) 200 (61) 1789 (545)

100 (30) 1797 4 548)
_______________________________________- 

0 (0) 1800 (549)

‘Va lues based on fleet mis of 80 percent UH-ls. iS percent AH-l Gs , and 5 percent CH-47s per 24-hour
period w ith 10 percent of operat ions f lown at night. Cruise speed is 80 to 90 kt (148 to 167 km/hr).
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Table *2
Ground Distances for ISO Average Operation.’

a b c 
—

75 40 NEF 70 Ld,, 35 NEF 65 30 NEF

Planning Slant Distance = 47% Ct Planning Slant Distance = 1100 ft Planning Slant Distance 2400 ft
)152m ) (335 ml (732m 1

Altitude Ground AltItude G,ound Altitude Ground
AGL Distance AGL Distance AGL Distance
till ) fi l m) f ilm) film) to rn) ft(m)

4’S lI4Sl 0 tO) 1100 (335) (1 (0) 24(X) 1 ‘.121 0 (0)
4 541(13 7) 1S2 (46) 1000 (305) 458 (140) 22(X) (6 7 1) 959 (292)
4(X) 022) 256 ( “Ml 9(X) (2741 632 (193) 2(8)0 (610) 1327 404)
N) (1071 321 (98) 800 (244 ) 755 (234)) 1800 (549) 1587 (484)
.1(X) (91) 368 ( 112 ) 700 (2131 849 (259) 1600 (488) 1789 (545)

254) l7~ 404 (123) 600 ((83) 922 (281) 1400 (427) 1949 (594)
2(X) t60 431 ( 13 1)  500 11621 981) (299) 1200 (366) 2076 (634)

154) 1461 451 (137) 400 ((22) 1025 (312) 1000 (305) 2 182 (665)
1(8) (30 ) 464 (142) 300 (9!) 1058 (322) 800 (244) 2263 (690)
50 (1 5) 472 (144 ) 200 (61) 1082 (330) 600 (183) 2324 (708)

1) 10) 475 (145) 100 30) 1095 (334) 400 (122) 2366 (721)
0 10) 1100 (335) 200 (61) 2392 (729)

— 
0 (0) 2400 (732) 

-

‘Va lues based on fleet mix of 140 percent UH-ls . IS percent AH-IGs. and S percent CH-47s per 24-hour
i..-ri~~t w ith t o percent ot operations flown at ni8hi, ( ruise speed is 140 to 9(t kt (14$ to I ti” km/ h r),

Table *3

Ground Distances for 200 Average Daily Operations’

a b

7S L de 4ONEF 7OL a, 3S NEF 65L,ii~ 3O NE F
Planning Slant Distance 57% ft Planning Slant Distance 1330 ft Planning Slant Distance = 2950 ft

) I7Sm l (41 1 ml (899 m)
Altitude Ground Altitude Ground Altitude Ground

AGI. Distance *GL Distance AGL Distance
- 

f t lm( ti les) f ilm) fi lm) tu rn ) ft (rni

~7S ~ ‘S~ (( (1)) 1354) 14 ) ) 1) 1110 2954) 899) 0 (0)
551) (IbM) 1614 ( S I) 1300 (3%) 364 t I l l )  280() 1)4531 929 (283)
.5(0) li~ 2l 2144 ll4~l 2(8) (366) 618 (189) 260(1 l~92) 1394 (425)
451) t l .17) 358 11)9) 1(X) 0335) “8,1 (239) 2400 l’31l 1715 (523)
4(80 ( 122 ) 413 (126) I(XX) LIOS) 907 (276) 2200 lb’ll 1965 (599)
364) (107) 456 1139) 9(8) (274) 1006 1307) 201)0 (610) 2169 (661)
.1(8) 191) 491 (ISO) 8(8) l244 1087 11,11) 1800 15491 2.337 (712)
254) “b 51)4 115$) 700 12 11) 1154 1 .1621 16(8) u 4148) 2478 (7551
2 (W t (hI) 639 H64 6 ( 8 ) 11811 1209 (369) 14(8) l42’ l 2597 (791)
150 (46) 655 (1691 500 (152 1254 (382) 12(X) t16is 2695 (821)
ItO ) (.301 566 l t ’ .10 4(8) 022 ) 12149 13931 1(88) (3(15) 2775 (846)
541)15 )  5’3 ) l ’Sl 3(8) (91) 1.116 (401) 800 (2441 2839 (865)
o (0) S’S 0~ Sl 200 (6 1) 1335 (407) 500 (152) 2907 (886)

1(8) (30) 1346 (410) 200 (61) 2943 (897)
(1 (0) 1350 (4 11) 100 131)) 2948 (899)

_______ ___________ 
0 (0) 2950 (899)

‘Values based on fleet mix ot S0 percent UH. Is . 15 percent AH- IGs . and S percent CH-47s per 24-hour
pcri~~$ ss, th 10 percent of operations flown at ni ght. Cruise speed is 80 t o 90 Iii (14$ to 167 km.’hr) .
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Table A4

Ground Distaac~s for 300’ Average Daly Opes’a*I.n,”

a b

7% L de 40 NEF 70 33 NEF

Planning Slant Dtatnnc~ = 175 ft PlannI.g Slant Distance = 1850 ft
)236m) 564 ml

Altitude Ground Altitude Ground
AGL Distance AGL Distance
film) ft(m) fIlm) ti les)

775 (236 ) 0 (0) 2850 (564) 0 (0)
750 (229) 195 (60) 1800 (549) 427 (130)
700 (213) 333 (101) 1700 (518) 730 (222)
650 1. 19$ ) 422 (129) 1400 (427) 1209 (369)
600 0183) 491 (ISO) 1200 (366) 140$ (429)
550 (16$ ) 546 (166) 1000 (305) 1556 (474)
500 (152) 592 (180) 800 (244) 1668 (508)
450 (137) 631 (192) 600 (183) 1750 (533)
400 (122) 664 (202) 400 (122) I8O(~ (551)
35.0 (107) 691 (211) 200 (61) 1839 (561)
300 (91) 715 (218) 100 (30) 1847 (563)
250 (76) 734 (224 ) 0 (0) 1850 (564)
200 (61) 749 (228)
ISO (46) 760 (232)
100 (30) 769 (234)
50 (15) 773 (236)
0 (0) 775 (236)

‘This procedure is not intended for extremely large numbers of
operations, such as 300 or more . CERL should be consulted before
app ly ing these criteria in such cases .
“Values based on fleet mix of 8O percent UH.ls . IS percent AH.lGs .

and 5 percent CH-47s per 24-hour period with 10 percent of operations
flown at night. Cruise speed is 80 to 90 kt (148 to 167 km/hr)
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Figure Al. Groun d distance for 100 average dail y operations.
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Figure Al (cont ’d) .
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Figure A2. Ground distance for 150 averag e daily operat ions.
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Figure A2 (cont ’d).
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Figure A2 (cont ’d).
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Figure A3. Ground dista nce for 200 average dail y operations.
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Figure A3 (cont ’d).
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Figure A4. Ground distance for 300 average daily operations.
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