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ABSTRACT

Qt

. _ A methodology called Noise Exposure Forecasts

M (NEF) isdevelopedfordescrlblngaircraftnoiseex-
; posure in the vicinity of the takeoff and approach

flight paths of an airport. In support of this method-

elegy an improved measure of the subjective response
to aircraft flyover noise called Effective Perceived

_ Noise Level(EPNL) has been derived. This measure

_, _ includes corrections for pure tone components and
,'_ duration, Other elements necessary for the calcula=
_,__ tion of NEF are number of exposures and time of day.

NEF contours are translated into guidelines for eom-
_' patiblelanduse.
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1.0 INTRODUCTION
m
[

This reportpresents a method fordeseriblngquantitativelythe aircraftnoise in

areas near aircraft takeoff and approach flight paths. This method is based on:

• the subjective level of aircraft flyover noise,

. the number of flyovers per unit of time, and

, the time of day of the flyovers•

!l This method can be used:
t_

by airport community planners for defining those areas

[_ where efforts shouldbeconcentrated to themitigate
noise problem,

for determining the relative merits of possible engine/
aircraft changes to reduce aircraft noise, and

as a part of an aircraft/airport/community design pro-
cedure to limit noise exposures to specified values.

Several studies have been made (References 1, 2, 3, 4, 7, 9)to:

l_ . determine the aircraft noise exposure of areas near
:i takeoff and approach flight paths,

(_

_' . relate this information to community reaction, and

i_ then
is

• use the results for community planning purposes.

_s Since these earlier studies ware made there has been a considerable advance in the

state of the art in establishing subjective noise levels on the ground under aircraft

report presents art as of the Spring of 1967.
flight paths. This the state of the

i_ The calculation of noise exposure under these flight paths involves the use of
t_ weightingfactorsfor number offlightsand time ofday. No new informationis

being presented regarding these weighting factors• Therefore the weighting factors
' ' previously used in the U.S. are used in this report.
u.

I ' A name, "Noise Exposure Forecast" (NEF), was coined by the FAA for a new
u; noise exposure Index. This report presents a procedure for calculating NEF's on

the basisof:

1



• the takeoff and approach noise produced by each aircraft
at its particular gross weight, using current operating
procedures,

• the summation of the noise exposure contributions of a
mix of many different types of aircraft and gross weights,
and

• weighting for daytime or nighttime operations,

The procedures described in this report were designed for computer utilization, , .
However, it is practical to make simple calculations of NEF's or to make calcula-
tions of NEF changes for simple changes in the system without the use of a com-
puter, q '

The method used for aircraft noise evaluation in the NEF concept involves the , ;
effective perceived noise level (EPNL} In units of EPNdB. Tile EPNL scale is be- i
lieved to rate aircraft noise quantitatively better than any other scale presently in ": I
use for this purpose. It is based on the PNL scale which was based on subjective 4J

reaction tests using broad band noise under steady state conditions. The EPNL ,,
scale also includes corrections for discrete frequencies in the spectrum, plus cor-
rections for the duration of the noise when it is within 10 PNdB of the peak PNL _ '
during a given exposure. Methods used in tlle past for this purpose had been based ,_
only on the peak or composite PNL of the flyover noise cycle. ,,

The method of calculating EPNL is not considered to be finalized at this date, ":
It is believed to be a better scale for use in relating complete aircraft flyover "'
noise cycles to each oiher than peak PNL. However, in order to get this work

underway at this time it was necessary to make tentative assumptions regarding .
procedures. These procedures may require change when additional research has

been completed. The evolution of tbo nomenclature is indicative of the state of the ' '
art, Perceived noise level in PNdB units was intended to define noise as "per- _

solved" by the human system as compared with the physical air pressure fluctua- ,
tions measured in decibels. When it became obvious that discrete frequency con-
tent and duration were important, the modifier "effective" was added. This nomen= "_
clature is redundant and poses questions as to the proper designation to be applied ,.
to future revisions which are now being contemplated. Although the term "effective ,.r
perceived noise level" has been used widely during the past year, there is need for
standardization in nomenclature. ''

_4

The fluid condition of the PNL scale is pointed out in the introduction of this re-
port to assist those who may wisb to relate data in earlier or later reports. This
report contains techniques which may be used to obtain an approximate conversion
from peak I"JNL, which has been used in tbe past, to the newly-developed EPNL. _'

2 "
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The above remarks about the fluidity of the scales used for measuring noise
levels or noise exposures are not intended to bo disparaging of the good work

which has been and is being done in this area. Nor are they intended to dis-courage the use of these scales In present community planning studies, Either
the earlier or current scales are valid for identifying areas of relatively high

noise levels They refer to the quantitative accuracy of the weighting factors
B B

Therefore the absolute values of the noise levels and noise exposures may change
from year to year as we obtain more detailed Information on these weighting fac-
tors.

_'S Finally, tile NE:F contours determined In this investigation are related to pre-
_ vioualy determined zones of compatible land use (Reference 1) to provide guide-

lines to be used by thesc responsible for planning laud utilization and management.

tv
2.0 CONTOURS OF EQUAL EFFECTIVE PERCEIVED NOISE LEVEL

_ This section describes the data from which contours of equal noise exposure can
be determined for any single takeoff or landing operation of most commercial jet

0J transports. Specific contours and a detailed discussion of their development are
_ presented in a series of Appendices. Several sets of contours are supplied for

four, three and two engine jet transports. Estimates of the noise exposure levels
|_ of mast current and near future jet transport aircraft can be predicted with these

contours. While detailed data are not available for all alrcralt types the system is
t_ set up so that new information can be incorporated when it b_comes available.
la

The development of meaningful contours of equal noise exposure requires the

_y selection of a measure which best rates the noise disturbance and then a determina-
tion of the contours from the noise and flight characteristics of the airplane. As

tj discussed in this section, the effective perceived noise level is considered to be
t._ the best available measure for this purpose at the present time.

_ 2.1 Effective Perceived Noise Level - Aircraft noise levels in this document

is are expressed In terms of effective perceived noise level (EPNL) because this
method is considered currently to produce the best prediction of subjective re-

I_ sponan to flyover noise, Definitions and procedures the calculation
aircraft for

of EPhrL are described In detail in Appendix A. Briefly, the flyover noise history

l_ is analyzed in 0.5 second increments. One-third octave band sound pressure levels• are obtathed, and instantaneous perceived noise levels (PNL) are calculated for the
spectrum at each of the 0.5 second sampling intervals. Pure tone corrections are

t_ determined from the one-third octave band data, and these corrections are added
h, to each PNL to obtain tone corrected PNL. Based on the tone corrected PNL

,_ history, a duration is determined and a duration corrnction is calculated. The

_. effective perceived noise level is the algebraic sum of the maximum tone corrected
PNL and the duration correction.

q



Itshouldbe notedthat,inthe absence ofsupportingsubjectivetestdata,the

selectionofthe method describedforadding toneand durationcorrectionstoper-

calvednoise levelisquitearbitrary.At such time as validatedmethods become
available,the calculationsused todetermine EPNL should be updated.

The contractrequirement taincludetone and durationcorrectionswas regarded

as a mandate notonlyto use availablecorrectiondata, but touse itInitsmost

technicallyadvanced form. Thus, thecaloulatlonproeedureusedheretn reflects
the consensus of many aircraft noise rating specialists In this country. It should

be noted that even in its present form, the EPNL calculation procedure is not corn- .._
pletelysatisfactory.Further discussionof thispointisgiven InSection5.0. How- _i
ever, the EPNL conceptisregarded as superior tothe PNL conceptfor aircraft

noise rating. ",

Examination of the EPNL calculation procedure indicates that there is no simple
relationship between PNL and EPNL, Figure 3B shows differences between EPNL _
and PNL for specifiedconditions. _1

2.2 Aircraft Noise Characteristics - The EPNL of an aircraR at any given ..i
distance from the flight path is dependent on the number and type of engines and on
the thrust level of those engines. Appendix B presents carves of EPNL with or _
withoutground attenuationas a functionofslantdistancefor a referencefouran- _}

gins jet transport and a reference twa engine jet tranepart. For the four engine _
jet transport the reference engine is the JT3D-3B turbofan engine in a short fan
discharge duct installation.For thetwo enginejettransportthe referenceengine

is the JT8D-1 turbofan engine, In each case one curve is provided for takeoff J
thrust and one for landing thrust, l_efereece curves for a three engine Jet trans- i
port can be obtained by adding 2 EPNdB to the reference curves for the two engine
Jet transport. *

f

These reference curves were based on a number of magnetic tape recordings ,,
obtained from actual flyover operations. Ground to ground attenuation rates were
based onmethodologydeseribedinReferencn 5, The method of developing these ref-
erence curves is described in Appendix B. Extensive data are not available at this
time on tlle duration and tone corrections for other engine types. However, based .-.
on the limited data available, the differences in EPNL between the reference en-

gines and other engines in use on most jet transports appear to be minor. _.

2,3 Aircraft Performance - In developing the takeoff and landing performance ,
data for jet transport aircraft, every attempt has been made to provide data which ..
are simple to use without compromising the general accuracy of the NEF proce-
dure. Aircraft operating procedures vary with airline policy, pilot technique and
environmental conditions. Consequently, the data presented are for typical oper- *"
sting procedures.
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i' Appendix C presents takeoff and landing performance data for four engine, three
engine and two engine jet transport aircraft. These data are combined with the

noise characteristic data contained In Appendix B to develop noise contours.

TAKEOFF PROFILES

ti' Appendix C contains a set of five takeoff profiles for jet transport aircraft

(Figure 1C). These five profiles represent the range of profiles for all current jet
l_ aircraft types. Variations in thrust and aerodynamics in different aircraft types

result in different climb capabilities for different gross weights. Figures 2C, 3C
_II and 4C providedata forselectionofthe proper profileforany gross weightand

_ aircraft type.

I| APPROACH

Approach performance data must include the approach profile and the approachthrust to permit the development of noise contours. An approach profile for a
three degree glide slope is contained in Figure 5C.

2.4 Grid System and Contours of Effective Perceived Noise Level - Effective
perceived noise level (EPNL) reference data are provided in Appendix D for two,

three, and four engine jet aircraft for each reference flight profile described in
paragraph 2.3. These data are required for tile calculation of NEF contours as

described In Section 3 of this report, These reference data in the form of EPNLvalues at locations on a quarter mile grid system and EPNL contours were cal-
culated from the aircraftnoiseand performance characteristicsintroducedin

paragraphs 2.2 and 2.3 and describedinAppendices B and C respectively.

This was done for each flight profile: A, B, C, D, E and Approach for the fourengine Jet aircraft; A, B, C, D and Approach for three engine Jet aircraft; and
A, B, C and Approach for two engine Jet aircraft. The procedure for developing

[_ grid values and contours for the flight profile for each aircraft type is as follows:
k_

(i) For each gridpointdetermine tile minimum distanceor mini-

f# mum slant range and elevation angle (_), between the grid
t! point and tile aircraft flight path.

(2) Determine the EPNL at that grid point for that minimum
distance for the appropriate aircraft and thrust level from

i _ the curves inAppendix B. Where appropriatethegrid
_' EPNL values are adjustedto accountfor ground toground

attenuation and the effect of engine shielding by the aircraft

fuselage. The following ground attenuation weighting fanc-
tion has been chosen arbitrarily to allow a smooth transi-

t ' lion between locations with and without ground attenuation
_, benefits:Ground togroand attenuationata givenslant

l, 5



distance and angle of elevation (_), equals the ground to
ground attenuation at that distance and a 0° angle of eleva-

tion times the factor e - tt/_ 3 _. Thus, ground to ground
attenuation decreases as 13increases, and when _ is 15° or
greater no ground attenuation benefits are Included. The

effect of the engines being shielded from an observer by the
fuselage has been included arbitrarily by the following re-
lationship which provides the decrease in noise level due to

shielding: Reduction in EI°NL = 3 (1 - V sin [3). Thus, when
the angle of elevation is 0°, it is assumed that the fuselage Is
shielding one-half of the engines from the observer
(-3 EPNdB). The effects of both ground to ground attehuatlon "_
and fuselage shielding are included where appropriate, and

EPNL grid values and contours are provided in Appendix D. ,_

L;
(3) Plot contours of equal EPNL by interpolating between EPNL

values at the grid points. "!

All turbojet and turbofan aircraft in current use by airlines and which make a
slgnlfleanteontrlbution to the noise exposure around an airport arc represented
by the reference data. The purpose of these data Is not to determine the EPNL
at a given point for a specific operation of a specific aircraft. More precise en-
gineering data for each Individual aircraft would be required for that purpose.
However, in terms of providing data which represent the average levels resulting
from a variety of operations of different aircraft types the accuracy of these con- _
tours should be on the order of tile difference between two adjacent contour sets

which Is about + EPNdB.

In evaluating noise exposure forecasts for future time periods, additional air- '-
craft types such as jumbo jet and SST must be included in traffic estimates.
Jumbo jets are expected to generate EPNL's lower than current aircraft having
the same number of engines. In the absence of EPNL data for these fature air-
craft, reference contours for the current aircraft may be used in this procedare
for jumbo jet aircraft. Any error resulting from this procedure will he small
since the number of jumbo jets will represent a minority of total air transport
traffic within the next decade. By the time that the jumbo Jets represent a signl- h.

fluent portinn of the air transport fleet, the noise characteristics of these aircraft
will have been well documented and EPNL data can be obtained to allow the deter- _
minatlon of more accurate NEF's. The number of U.S. SST alroraft in the next ,_

decade will represent a very small minority of the total traffic. Also, measure-
ments of actual aircraft flyovers will be required to accurately document the noise
characteristics of this unique aircraft type. Therefore, this aircraft will not be '_
included in NEF estimates at this time.

6
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i Although foreign SST aircraft are scheduled to be Included in airline fleets, the
lack of noise and performance data on these aircraft precludes their consideration
in current NEF estimates.

I:

itr 2. S S.eleot!on of Appropriate Effective Perceived Noise Level Contours -
t _ The information In Appendices C and D is sufficient to permit the selection of the

appropriate noise contours or grid values for any operation of current jet aircraft
provided gross takeoff weight Information is available. When weight information

t!_ is not available reasonably accurate EPNL contours may be obtained using the

;s opera_:lng ranges of the different aircraft at any airport. Appendix E describes
l_ this method of approximation,

_s 3,0 DEVELOPMENT OF CONTOURS OF
l_' EQUAL NOISE EXPOSURE FORECAST

I_ In Section 2 aircraft noise characteristics and aircraft performance were com-bined to obtain contours of equal EPNL for any given takeoff or landing operation

t] of current jet transport aircraft. The purpose of this section is to provide techni-ques for combining the EPNL's from different operations with airport traffic data
to obtain the NEF'e for any combination of operations at any given alrport. As

NEF's are intended to represent the cumulative noise exposure In areas surround-ing an airport, the cumulative effect of multiple operations as well as the time
period in which the operatlons occur must be considered, Thus, in order to do-

[_ velop NEF's, Information must be obtained on traffic at the airport of Interest in
adequate detail to allow: (1) the identification of flight operations by the proper

aircraft-engine flight profile category (reference Section 2); (2) the separation ofdaytime and nighttime operations; and (3) the number of flight operations for each
runway.

I_ 3. I Effect of Number of Flight Movements - Social surveys and subjective tests
in a number of countries indicate that there is a relationship between the number of

t_ aircraft heard and the annoyance expressed by the listeners. Efforts to establish
a numerical value for this relationship have resulted in a variety of answers.

f_ Some of these studies are discussed in Appendix H. Available data are far from
|j conclusiveandadditionaltestsandsurveysshouldbeconductedtoprovidemore

reliableinformation.

tm For the purpose of this study, a factor of 10 log M is used, where M equals the
number of flight movements for a given time period. This assumes that doubling

l_ the number of flight movements is equivalent to an increase of three EPNdB in the
noise exposure. Tim selection of this factor is somewhat arbitrary and is subject

_ to change as the results of additional research become available.

3.2 Runway Utilization ~ Total jet movements for an airport, on an annual
' basis are divided by 365 to obtain average dally movements. The daily average

for each individual runway is determined by multiplying the average daily move-
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ments by annual percentage runway utilization. It has been assumed that the dis-
trlbution of aircraft types and takeoff gross weights (or stage lengths) is the same ",
for all runways at a given airport, The use of average daily figures involves the
questionable assumption that the noise exposure in a given area would be the same
whether the percentage of flights operating there occurred in one concentrated
period of a few days with no flights during the rest of the year or If that same
volume of traffic were evenly spread throughout the year,

3.3 Effect of Time of Day - Studies have indicated that community tolerances
for noise appears to be lower at night than during the day. The definition of day and '+"
night hours varies a great deal from one study to another as indicated in Appendix I, _ '

Here again an arbitrary decision had to be made for the purpose of this study.
Nighttime operations are considered to be those which occur between the hours of _

10 P. M, and 7 A.M. (2200 to 0700). A number of studies have indicated general ++

differences for tolerance of about ten decibels in amblent community noise levels ,_
between day and night. A figure of 10 EPNdB has been used in this report as a +
correction factor to represent the apparent increase in annoyance resulting from
flight operations at night. B_

[ :
_J

3.4 Calculation of Contours of Ec/uat Noise Exposure Forecast - As described
in Section 2, 4 sets of reference contours of equal EPNL have been developed for ,+

appropriate reference flight profiles for each current jet aircraft type. EPNL _I

values have also been calculated for the reference profiles for locations on a 1/4
b_

mile X I/4 mile grld which extends 4 miles to either side of the flight path and up- ,i
proximately 18 miles along the projection of the fligbt path. These reference con-
tours and tabulations of EPNL are presented in Appendix D. ' i

|+

TO calculate NEF contours from the reference EPNL data, adequate aircraft
movement data must be obtained, The number of aircraft movements in each cat-

egory in an average day must be further divided into nighttime and daytime move- _+
meats (reference Section 3.3). A suggested data tabulation form is shown in
Table 1, The distribution of aircraft movements Into proper EPNL contour cate-
gories is based on the dlstrlbatlon of flights for each runway end.

An NEF contour is developed by the following procedure which is also the basis
for the computer program described in Appendix F,

+

1. The EPNL value at each grid point for each reference '+
EPNL contour set is corrected for the total number of

flights by adding the total correction factor (see Table 1).

2, The corrected EPNL valses at each grid point for each '
EPNL contour set are then combined by summing logn-
rlthmleally.

+:
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TABLE 1 Data Sheet for Tabulating the Number of
Aircraft Movements Associated with each
Reference Contour

AIRPORT

RUNWAY END: TAKEOFF
APPROACH

(i) (2) (3) (4) (5) (6) (7)
Reference Number of Correction

Contour Fli[_hl $ (M) Factor (db) Total Correction-Logarithmic
Aircraft Flight Daytime Nighttime Daytime Nighttime Sum of Columns

Type Profile 0700-2200 2200-0700 10 lo[_ M 10 + 10 1o_ M (5) and (6)

4 Engine A
B
C
D
E

Approach

3 Engine A
B
C
D

Approach

2 Engine A
B
C

Approach



3, The factor 100 is then subtracted from each of the

resulting grid values obtained from step 2. This "-
value was arbitrarily chosen so that the NEF values
obtained would not be confused with any other In-

dices wblch have been used In previous studies for "-
rating the disturbance of aircraft flyover noise,

4, Equal NEF contours can then ba plotted from inter-
polatlons of the values at each grid point.

5. NEF contours for the entire airport are obtained by
combining the contours for the individual runways on
a seated map. Where contours overlap, the NEF
values are summed logarithmically,

Jl

An example of an NEF contour calculation is presented in Appendix G. _

In view of the vast number of calculations required to delineate NEF's, the _'t
deslmbilityof usinga computer program isobvious. A computer program thatcan *

be used to perform all the required calcalatinns is described in Appendix F. ,, :

3.5 Modifications for Flight Paths with Turns - Arrivals at and departures
from a runway may not be straight in or straight out due to terrain, noise abate- ,.,
ment procedures, or routing of aircraft. Thus, flight procedures and traffic _
patterns often involve turns. The Influence of aircraft turns can be accounted for
in an NEF determination by first making the determination for all aircraft which ""
do not turn. Then, for rumvays which involve turns for a portion of, or for all
operations,a separateNEF determinationismade m_d the NEF's withand without ,.

turnsare combined as in step 5 ofSection3,4.

Actually, a separate determination should be made for each individual curved
path. However, if many different curved paths are involved expediency may re-
quire considering only several categories of turns. If turns were initiated for all
aircraft at a given distance from brake release, the calculation would be fairly
simple since all aircraft would follow approximately the same curved path, When
turns are initiated at a given altitude, each flight profile results in a horizontal

projection (ground track) that follows a different curved path, Considering the five
generalized flight profiles of Appendix C, there will be five corresponding curved
ground tracks.

In reality, with a mix of aircraft types, the area covered by a specified turn
procedure would be a sweeping sector bounded by the paths of the lightest and
heaviest aircraft Involved. An NEF contour for each curved flight path is calcu- "
luted using the procedure described in Section 3.4 by first assuming that the flight
path is straight, If the contour for a curved ground track is plotted, it will re- ,._
semblc the example shown in Figure 1.

10 ,.
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Observers on the Inside of the curved ground track will hear the aircraft noise
for a longer time and observers on the outside of the carved ground track will Imar

the noise for n shorter time. l lowever, the effect on EPNL resulting from cbanges .-
of time duration will in genera] be small and are neglected In this report.

4.0 LAND USE PLANNING

The Noise Exposure Forecast (NEF) contours described in Section 3.0 have been
developed for use in delineating aircraft noise exposure levels in areas near air-
ports. This delineation of aircraft noise exposure levels is for the purpose of air-
craft/airport/community planning. The relationship between engine/aircraft char- _-
acterlsties and NEF contours has been presented In the previous sections. This ,,
section will deal with the relationship between NEF contours and guidelines for
compatible land use. "'_

This contractor has not made studies of compatible land use as a function of .,

aircraft noise exposure. Information contained in this report on this subject has mi
been obtained from a review of work done by others (Reference 6, 7), The purpose
of incorporating this material in this report is to permit the contractor to explain '
certain procedures and precautions which are needed to relate compatible land ,i
uses as described in other studies to NEF contours developed by techniques de-
scribedin thisreport, _:

t,.

4, 1 The concept of composite noise rating (CNR) was developed several years _,
ago based on information relating community response to perceived noise level i.

(PNL) and the number of exposures (1). The CNR unit is by definltlon equal to PNL
plus correction factors for the number of exposures, time of day and duration of
ground run up operations, This unit was then related to land use categories as
shown in Tables 2 and 3. NEF, developed in this report, is related to effective
perceived noise level (EPNL) plus correction factors for number of exposures and
for time of day. The effect of ground run up operations is not included in the
NEF's in this report. This relationship of NEF to community response has not
been developed. This relationship should also be established In order to assist in
analyses where ground run-up operations are significant, NEF can be related to
the above mentioned land use tables only under those special conditions where NEF
equals CNR for flight operations. Those conditions occur only where EPNL equals
PNL. Referring to Figure 3B, we can see that they arc equal when an observer is
about 900 to 1200 ft, from current aircraft. At these distances the EPNL time
duration and pure tone corrections which differentiate EPNL from PNL tend to
cancel one another. , :

In Figure 2 the differences between EPNL and PNL are shown for current air-
craft as a function of altitude. At locations where the aircraft passes very near

the community, the EPNI d values are as much as 5 db below the PNL values. There- _"
fore, substituting NEF in place of CNR In Tables 2 and S under such conditions ,
might underestimate the severity of the response to the noise, Conversely, at
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TABLE2

ChartforEstimatingResponseofResidentialCommunitiesfrom

CompositeNoiseRating

CompositeNolaeRating

Pakeoffs and

Landings Runups Zone Description of Expected Response

hessthan Lessthan i Essentiallyno complaintswouldbe ex-i00 80 pected.The noisemay, however,in-
terfereoccasionallywithcertainaetl-

vities of the residents.

100to115 80to95 2 Individualsmay complain,perhapsvigorously.Concertedgroupactionis

_ possible.
Ireaterthan Greaterthan 3 Individualreactionswouldlikelyinclude

i _ 115 96 repeated,vigorouscomplaints.Con-certedgroup actionmightbe expected.

:it..'
L-,

, ] ,
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TABLE 3

LAND USE COMPATIBILITY CIIART FOR AIRCRAFT NOISE

Noise Composite Nolee

Beneltlvlty Rating (CNR) LAND USE COMPATIBILITY
Zone

.o

and Ground _ _) • N _ N "C _ N

Landings Runups

•,-.

I Less Less Note Note

Than 90 Than 70 yes yes yes ye s yes (A) (A) yes yes

Note Note

II 90-100 70-80 ,es yes yes yes (C} . (C) no yes yes
Note Note Note

Ill LO0-115 80-95 (B) yes (C) (C) no no 11o _,es yes

Greater Greater Note Note

IV Than 115 Than 95 no (C) no no no no no yes (C) .

NOTE (A) - A detailed noise analysis by qualified personnel should be undertaken for all indoor or
outdoor music auditoriums and all outdoor theaters.

(B) - Case history experience indicates that individuals In private residences may complain.
perhaps vigorously. Concerted group action is possible. New slngle dwelling con-

structlon should generally be avoided. For htgh density dwellings (apartments) con-
struction. Note (C) will apply.

(C) - Avoid construction unless a deiailed analysis of noise reduction requirements is made
and needed noise control features are included in building design.
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greater distances from the aircraft the EFNL Is as much as 5 db above the PNL.
Under theseconditions,use ofNEF valuesinTables 2 and 3might overestimate

the severityofthe response.

A reviewof thework ofReferences 6 and 7, particularlythatcontainedin

Tables 2 and 3, suggeststhatthe land use planningsignificanceofNEF zones is

as shown inTable d. This classificationIsnecessarilytentativebecause itpre-

sumes correspondence existsbetween CNR and NEF contours,whereas such cor-

respondencemay not generallyexist,as explainedabove.

The land use zones definedinTable 4 attempttoprovide the landuse planner

with categoriesofcompatiblelanduse as definedby NEF contoursfor an airport

community. Intheirpresentform thesecategoriescontaintheeffectsofthe in-

accuraciesofmeasurement and extrapolationcharacteristicofthezones based on "-_

CNR togetherwith theapproximations requiredtotranslatefrom thisearliercon- ,

septtothatofNEF.

Table 3 was based on CNR's which for daytime operationsare based on a refer- ''

once mnnber ofoperationsof20 movements per day. ,,

CN'R = PNL + 10 logi0 M/20

= PNL + i0 log10M-13

Table 4 isbased on NEFrs which for daytime operationsare based on the same

reference number of operations to facilitate reference to Table 3 and have the _
number 100 subtracted so that CNR's and NEF's will not be confused.

daytime NEF's _- EPNL + 10 legl0 M/20 - 100

EPNL + 10 logl0 M-113

These noise exposures of nighttime operations, from 10 p.m. to 7 a.m., Is
weighted 10 EPNL higher than daytime operations. This is similar to the weight-
lng given to nighttime operations in the determination of CNR.

nighttime NEF's = (EPNL + 10) + 10 Iogl0 M/20-100

= (EPNL + 10) + 10 logl0 M-I13

The total NEF Is of course the daytime NEF plus the nighttime NEF.

From the above relationships it will be noted that where PNL and EPNL are
approximately equal NEF is approximately equal to CNR - 100. Thus in Table 4
the boundaries between zones A and B and between zones B and C are O NEF and .-

16 NEF respectively instead of 100 CNR and 115 CNR as in Table 3, considering
zoues I and II combined and zones iiI and IV.
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TABLE 4

Land Use Compatibility Related to NEF Zones

ZONE A ZONE B ZONE C

(less than 0 NEF (0 to 15 NEF) Over 15 NEF)

Extensive design precautions .... Theaters and Theaters andto avoid serious noise inter- auditoriums auditoriums

ferenc e: hospitals, hospitals,

churches and churches andschools schools, of-
fices and pub-

lic bldgs.
hotels,motels

residential

Analysis and noise control Theaters and Offices and Commercial

,?,:: features included in design: auditoriums, public bldgs. Industrial
hospitals, motels,

churches and hotels,schools residential

No adverse effects: Officesand commercial recreationalpublicbldgs, industrial

hotels,motels recreational
_$J residential

_i commercial

I: industrialrecreational

Outdoor theaters require extensive design precautions to avoid serious

t _ noise interference regardless of NEF zone.

I

j.J

i
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The land use categories,as well as the NEF conceptissubjecttofurtberre-

finementand adjustmentas additionaldata becomes available.Therefore, NEF

values assignedtothevnrlouscategoriesofland use (Table4)shouldbe consider-

ed as representingcurrentstate-of-artand subjecttofuturechanges.

5.0 SUGGESTED AREAS FOR ADDITIONAL STUDIES

Despiteinereaslngconcern and activityofcognizantauthoritiesdirectedtoward

the controlofaircraftnoise, attemptstoestablishaccuratecriteriafor acceptable

noiselevelsinthe airportcommunity continuetobe frustratedby thelackofvalid
data relatingman's subjectiveresponse to themeasurable parameters ofa complex

sound such an thatproduced by an aircraftengine. The more difficultproblems in
establishingvalidcriteriafor acceptablenoise levelswouldappear toderivefrom

thecomplexityand elusivenessofthevariableswhich determinemasts subjective ''

response to a given noisesource depending on thesituationinwhich itis heard. _

Ilowever,the problem ofderivinga reliabledescriptivemeasure ofcomplex

sounds, such us thoseproduced by Jetenginesalone isfarfrom simpleand has not

yet been solvedtothe satisfactionofresponsibleresearchersand operationspeople "_'

inthe field.When attemptingtoestablishthe ultimatecriterionindices(or ,

standards)for acceptablenoise levels,one must combine theproblems and inns- ...

curaciesderivedfrom these measurement opproxlmatlonsand the estimatesof

subjectiveresponse. Itisclear thatdefinitivedataand methodologiesmust be
developedbeforeaccurate and practicalnoise criteriacan be established.

EI_NL us describedinthisreportprovides a more comprehensivemeasure of

the subjectiveresponse toaircraftnoise. Therefore, itisexpectedthattheguide-

linesforland usa planningsuggested inSection4.0 are more realisticthanthose

based on earlierapproximation techniques. However, untilboth EPNL and NEF
techniqueshave been validatedemplrieaUy, theseguidelinesmost be interpreted
and used with caution.

Two kinds ofstudiesare necessary tofurnishthedatacurrentlylacking.

They are: 1)basic psycho-acousticsstudiesincludingbothlaboratory(psycho-

physical)and sociological(survey)investigationsdesignedtofirmly establishthe
effectsof spectralcomposition,number or frequencyofexposures,durationof

exposure, situationalconditionssuch as time ofday or correlativetypeofactivity,

and lastbut notleast"level,'_on populationresponse tonoise,and 2)acoustical
analysisand methodologicalstudiesdesigned toestablishvalidand acceptable

methods formeasuring and descrlblnga noise source and itscriticalparameters
and todevelopa techniquefor combining the effectsoftheseparameters intoa .-

consistentmeaningfulindex ofnoiseexposure from which standardsofaccept_

abilitycan be derived.



Although the techniques and immediate objectives of the two types of studies can
t be differentiated for descriptive purposes, it is clear that the results and conclu-

sions derived from them are so interdependent that they cannot be undertaken

_. separately. Rather, types study be carried out as complementary
both of should

efforts within an integrated program of investigation.

I _, Tbls report has included weighting factors which have been used previously in
this country. Future research may indicate that these weighting factors should be

changed,

The NEF delineation procedure may be improved by the results of studies

designed to explore the following:

I| 1. Discrete frequency correction - Specific items worthy of!! further study are (a) the magnitude of the correction

(currently the average of available data), (b) the effects

of multiple tones closely spaced in frequency (currently
assumed accounted for by the tone amplitude calculation

. procedure), (e) the effects of tone modulation (currentlyunaccounted for), (d) the effects of background spectrum
shape (currently assumed to be zero), and (e) the proper

application of the tone correction values to the total per-iJ cetved noise level (currently a subject of discussion be-
tween two approaches which so far appear to produce

similar results).

2, Duration correction - The magnitude of the duration cor-rection, the method of deriving it, and the proper appli-
cation to perceived noise level all need validation. There

_ is even reason to believe that an entirely new concept is
t_ . needed, if, for example, the effects of background noise

are to be considered.

I:
3. Effective Perceived Noise Level - The validity of this

i_ conceptis open toquestionintwo respects:a - Does thepresently used method properly combine the effects of

PNL, tones, and duration? b - Does the EPNL concept

_ provide a valid method for assessing subjective reaction
t_. to aircraft flyover noise?

1'
W 4. Effect of number of flyovers - The method of correcting

for the number of movements used in this report is sup-
i ' ported by only one type of experimental study (communityi

_ survey). The magnitude of the correction is not supported

, , by any experimental evidence. Further study of this vari-
able should include the effect of adding events of different
EPNL and frequency of movements.
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5, Time of day - There is strong reason to believe that ' '

community reaction depends on the time of day; however, ,_
there is only technical Judgment to support the choice of
time correction factors. This item Is closely related to
item 4 aboveand the interaction of the two effects requires

study. '.

6, Season - There are reasons to believe that seasonal
effects are substantial. It is not known whether the effect

is a complex bio-psycholngteal one, or is Simply due to -_
the fact that noise levels in a house are higher with the r
windows open (as in the summer) than with windows closed.
At the present, there is no reliable method of assigning a *_
magnitude to this effect. , i

li

i

w
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[ * APPENDIX A

_, DEFINITIONS AND CALCULATION PROCEDURES FOR

EFFECTIVE PERCEIVEDNOISELEVEL
I
i p

_, DEFINITIONS

Perceived Noisiness - Noise, in acoustics, is defined as "unwanted" sound.

if' Of course, whether a sound is unwanted Is determined to some extent, by the
Lt meaning a particular sound has to a particular listener; but it is also determined

by the characteristics of man's oudltory and perceptual system. It has been found
?" that for sounds having about equal meaning to a group of people, the Intensity,
L, band-width, spectral content, and duration ef the sound determine In a systematic
_,., and consistent way, the subjectively-judged unacceptability, or noisiness of the
[

ij sound. This attribute of sound Is called perceived noisiness.

r A scale has been developed expressing a measure of the relative perceivedi noisiness of occurrences of sounds of equal duration; tile quantity is called the
Perceived Noise Level (PNL). The perceived noise level of a given sound is

I6 numerically equal to a reference sound that is judged by Iistenere to be as accept-
able or objectionable as the given sound. The reference sound is a band of random

_ noise one octave in width centered at 1000 Hz and of comparable temporal char-

t_ acterlstles to the given sound, t.e., rise and decay times and total duration. The
perceived noise level of a given sound, con be approximated from certain ealcula-

{_ tions to be datlined below, performed on spectral analysis measures made of thesound.

i,i
t.J Maximum Perceived Noise Level (PNL) - It has been the practice to express

the perceived noisiness of a sound by reference to the maximum perceived noise
"* level of that sound. The maximum level is calculated according to recommended

procedures from ibe maximum level reached in each spectral band used in the
physical analysis of the sound, as follows:

!

_' peak PNL = 40 + 33.3 log i7

(where N represents the total noise contribution from all spectral bands as sum-
reed in Procedure 1).

i 4
i

_" This maximum or peak level can be approximated by performing the above cal-

culations uslng the spectral band levels that occur at the given point In time when
it Is estimated that the perceived noise level thus calculated will be at its peak or
maximum.

,
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Effective Perceived Noise Level (EPNL) - Tests have shown that when sub-
jective comparisons are made of sounds which differ markedly in their temporal
pattern and/or discrete frequency content, their perceived noise levels, as cal-
culated according to the formula given above, do not match the responses of the
subjects in the test. It has been proposed tentatively that the perceived noisiness
of such sounds can be estimated by applying tone and duration corrections to the
calculated PNL's to derive a new number called effective perceived noise level.
Thus, the EPNL represents the contribution of three factors to the total perceived
noisiness of an aircraft flyover:

1. Perceived Noise Level.

2. A correction for Discrete Frequency Components.

3. A correction for Time Duration. ,.

CALCULATION PROCEDURES USED TO DETERMINE EPNL'S "I

Effective Perceived Noise Level - The EPNL at a specific location is derived ,..
from a time history of the noise from an aircraft flyover as follows:

bJ

1. Perceived noise levels are determined from 1/3rd octave ,_,
hand spectra for a continuous sequence of one-half second
time intervals throughout the time period of the flyover
noise. The perceived noise levels far each time interval

between times t 1 and t 2 are assumed to apply at the center

time for the interval as given by tl + t2 . These perceived
2

noise levels are calculated according to Procedure 1.

2. Tone corrections are determined for each 1/3rd octave

baud spectrum accordingto Procedure 2.

3. The tonecorrectiondetermined instep 2 isadded algs-

bralcallytotheperceived noise leveldetermined instep 1

for each half-secondintervalofthe flyovernoise. The
result is called the tone-corrected perceived noise level.

4. The results of step 3 are plotted to display the tone-

corrected perceived noise level as s function of flyover
time. This plot is called tile tone-corrected perceived
noise leveltime history. _"

5. The maximum value of the tone corrected perceived noise ,..
level time history computed in step 4 is determined.
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6, The duration (T) is determined in seconds of the tone-

corrected perceived noise l_vel'h'istory between the
time at which the tone-corrected perceived noise level

first reaches a Value ofl0 dB below'itS maximum value
_4

and the time at which it last decreases 10 dB below its

' maximum Value.A durationcorrection(D)isas follows:+
T

_'_ D = lOlog i-_
7. The durationcorrection:obtahmdfr'omlstsp'6isadded'
+ algebraicallytothemaximum calculatedtonecorrected

t_ perceivednoiselevelofstep5 toobtaintheeffective
perceivednoiselevel.An expressionforthedetermln-

atton of Effective PNL is as follows:

_: _ EPNL = peak PNL + D

f '_i •
,+

K ,:
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PROCEDURE i - APPENDIX A

CALCULATION OF INSTANTANEOUS PERCEIVED NOISE LEVEL

Note: The following steps and data have been derived from Reference 8.

Step

The value of sound pressure level in each I/3rd octave band of a spectrum is con-
verted to ahoy valueby enteringTable IA attheupproprlat_baad centerfrequency. _-

Step2

The noy valuesfoundinstep 1 are combined inthemanner prescribedinthe fol- ,

lowingformula:

_N= nma x + 0.15 (n- nmax) ..,

where nma x Isthenumber of noys inthe noisiestband and n isthe sum ofthe noy _.
values in allthe bands.

Step 3

N is converted into a perceived noise level, in PNdB, by the use of Table 2A which ,-
expresses the relation: .. :

PNL = 40 + 33.3 log _.N
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PROCEDURE 2 - APPENDIX A

CALCULATION OF DISCRETE FREQUENCY OR TONE

CORRECTION FOR EACH 1/31RD OCTAVE BAND SPECTRUM OF INTEREST

Step1

Compute for each 1/3rd octave band a value composed of an average of the nearest
two bands above the given band and the nearest two bands below.

Note.

The value for the two lowest frequency bands and the two highest bands is based ononly the average of available adjacent bands.

Step2

Murk all bands that exceed this computed value by 5 dBor more. Reeompute foriii allbands a second average valueas Instep I, omittingthe marked bands incalcu-

lationofthe average. (The average may now be based on severalnon-contiguous

_i _ bands. ) A discrete frequency Is said to exist if the SPL in any marked band ex-
ceeds this recomputed average value by 5 dB or more.

Step 3

t1_ The difference in dB between the second computed average value and actual SPL in
t_ each marked band should be used as the number to enter the tone correction table

(Table3A), or the tonecorrectioncurves shown in Figure 1A. Thus, a tone cor-

{_ rection would be determined for each 1/3rd octave band that exceeds its "average"
by 5dB or more.

{_ The finaltonecorrectionforany 1/3rd octaveband spectrum istakentobe onlythe maximum tone correctiondetermined instep3. Thus, thefinalvalue ofdis-

cretefrequencycorrectionforany I/3rd octaveband spectrum is determinedby

{_ the "worst" i/3rd band.only OCtRVC

J
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Noys(N)as a _unctJo. of SoundPressoreLewl (SPL)

rpfcfcrred frequencies for octave band filters mar]_d by be_vy lines,

[+andCenter Ptequcncy Ill Itz(c/s)

I Jl1 2 _ 4 6 "t _ II IQ l! 12 _3 i 14 li 16 L7 I la 10 20 _1 2_

I.p 60 63 8_ 100 |2a 1_0 200 =60 311. 400 600 630 _00 I00_ _0 LGO02000126_+03160 4000 6000 030, gO01 _0.¢0_ 12._0,

21 1.0 1.0
30 1.0 1,0 1,1
3! 1,1 I.! 1,1 l,O

3_ 1,0 1,I I,_ l,_ 1,1
3_ lrl 12 1.3 1.3 1.2 1.0 "

1,o |._ I l.l 14 1.4 J.I |.| i
l| 1._ 1.3 .4 l._ 1.6 1.4 1.2
06 |,2 1,1 1.6 l,I 1,8 1,1 1.4
31 1,3 1,4 1.ll 1,S 1.8 1,6 1.1 1.0 '--
38 1.0 |,3 1,6 I 1.8 1.0 1.1_ 1.'/ |,6 1,1

30 1.1 1.4 1.1 l.g 3.0 2.0, 1.0 1.8 1,2

40 1,0 1,0 l+O 1.© 1.0 J,9 Ir6 1.1 2,0 2,2 2.111 2.0 1.10 1.4 *_
41 I l,I 1,1 1.1 1.1 LI 1.3 1.1 llO ._+2 9,4 _,4 I 2,_ ._.0 1,_ 1,0

_1 1.0 1.1 1.1 1.1 l.l 1.1 1._ 1.7 _.0 _.4 9.8 _.l _,4 2.2 1,7 1.1 *,1.1 1.2 I._ I._ 1.9 1,9 1,4 1.8 _,_ 2,6 9,B 2.It 2.d _,4 1,| 1.2
/4 1.0 I.l 1.3 1.3 1.3 1.3 1.3 1.1 2,0 24 2.8 3,0 3.C _.8 2,8 2.0 1.4 _.
411 1.1 1.2 1.4 1,4 1._ 1.4 1+4 l._ 2,1 2.1 3.0 3 2 3._ 3.0 _.8 '_.9 1._

1.0 1._ 1.3 1.8 I.S 1._ 1.6 1.6 6.7 =.0 2.8 3.2 3.1 3.4 I 3._ 3.0 _.4 1.7 1,0 ,1.1 1.3 I 1.4 1.0 1,6 1.8 1.6 1,0 1,8 _.4 3,0 3.4 3,6 ! 3.4 3.2 _,6 1.8 1.1

48 1.0 1.2 1,4 1.6 1.7 1.7 1,7 1.7 1.7 _.0 _._ 3,_ _.0 3.9 I 3.1l 1.4 _._ 2.0 1.2 ,_
49 6,1 I,_ 1.1 1,6 1.0 1.8 1.9 1.0 |.l =.1 28 _,4 3,0 4.1 3.0 :t,_ _.0 2.2 1,4

80 1.2 1.4 1,1 1.7 2,0 2.0 _,0 2,0 l_,o 2,3 3.0 3._ 4,1 4.4 4.1 1,_ 3._ _,4 1,5
66 I.o 1.3 1._, 1.7 1,0 2,1 2.1 2,1 l_.l _,1 2.4 3.2 30 4.4 4.7 4.4 4.1 3,4 _,l_ _.7
82 1,1 1.4 I.G 1.0 I _.0 _,3 *'.1 _.3 _,3 _.3 2.18 3._ 41 4.7 I 6,0 4.7 4.4 1,8 _.8 1.8 _'*

St l,l 1.3 6.8 1,0 9,1 _.3 _,_ .'.6, 2,8 l!.4 11.8 3,0 4,01 4'/ 6.3 6.7 /_.3 60 4.1 3._ _.2 '"

_6 |._ 1,4 1,7 ._.0 2.3 -_,4 _.8 2.11 _.8 I_.8 9,8 3,9 4.3 10 _.7 &| 6.? I_.3 4.4 _,5 2.31.0 1.3 1,_ 1.0 2.3 _ 2,4 2.8 _,0 3.01 3,0 3,0 3,0, 3.8 4.61 6.3 8.1 _.6 _.1 |,7 4.7 3.7 =,8
_7 ].l 1,4 1.7 2,0 2,4 I 2,1 2.8 3.2 3,_ 3.2 3._ 3,2 3.'/' _._ _,7 8,8 7,0 _.6 |,1 6.0 4,0 2,a
68 1._ I.S 1.8 2._ 2,6 9,8 3.0 3._ I 3.6 3.6 3.11 3.11 4.0 I1 8.1 7.0 7.6 "t.O _.11 S._ 4.3 _.0

6o I._ _._ _.o _.4 _,e _.o _9 _ 3,_ _'_ _'_ _'_I 4._ _._ e._ _._ e.o _,s _.o, 8._ ,._ =._
60 1.0 6.4 1,e 2,9 2,11 3,0 .'t._ 3.S '401 4,0 4.0 4.0 4,01 4,'6 I.I _v B,O 8.7 8.0 7,11 8.1 6.0 3,1

61 1.1 I.S _,0 2.4 _.8 3,_ 3.1 3.7 4,3 4,3 I 4.3 4.3 4: 8.0 _,_ ?.6 |,7 ' 0.3 i1.7 |0 8._ 1,3 8,0
62 1.2 1.7 2._ 2,_ 3.0 3,_ 3,7 4.0 4_ 4,8 4._ 4,( 4,1 _._ 7,© , 80 0.3 1 10 _1,3 |.1 7.0 1,7 4,2
113 1.3 1.8 2.4 2.6, 3.9 3,7 40 4.3 40 4.9 4.0 4( 4i 6.7 7._ 8.7 IO I1 61 60 0,: 7._ &l 4.6

1.0 1,1 _.0 _+4] 3,0 3.1 4.0 4,3 4_._ 6.3 I _,3 _,3 I,: _,_ _,I e,o I 9.1 II II 11 11 I0 8,0 8,1 6.0l+l l,O _.2 _.0 3._ i 3+7 4+3 4._ _.0 6.7 .6.`/ 6.7 6,_ 6.7 8.5 8.7 10 1! J_ _ 11 11 I 8.'_, 7.0 '6,3
8(; I,_ 1.8 _.4 3,0 3,_ 4.0 4,6 1.0 _,4 8+1 ! +6.1 8,I 6,1 I 6,1 7+0 0,3 III 12 13 18 I_ II I 9.3 7+6 6,7i

i.4 I 2,0 2,8 3,3 3._ I 4.3 6.0 8.4 _.g 8_1 6.1 _.8 _.| 8._ _,6 10 11 13 14 14 1_ 10 |O 8,0 8*1

I l

1.1; I 9.2 |,8 3,8 4.0 ; 4,8 _.4 8,8 6.4 ?.0 7.0 7+0 7._ I ?.O 8,0 61 12 14 18 1_ 14 _| II |._ 1._
69 ],| _.3 B.O _+9 4.3 6,0 6,0 8.4 O.g q.1 7,$ %5 7,P 7,6 8+7 71 J_ tO l| 18 14 II II,_ 7,0

70 _.0 _.8 3.3 4,$1 4.1 64 6.4 0,9 7.6 _.0 8.0 8.0 8.0 8,0 0+3 12 14 IO 17 1_ 1_ 19 10 '_+_
71 9+_ _.8 3,1 4.8 S.O 6,0 11.0 7.6 8.0 _.6 8.6 8._ 8,8 tJ.¢ I0 13 18 _7 10 17 ZI lm II 8.0

7_ 9,8 3.0 _.lt 6+0 5,4 I d.4 7.8 8.0 8.7 0,2 0,2 0.2 0,9 8.2 11 14 11 10 20 19 17 14 II |,7
7_ 9,8 3,3 &,2 11,4 5,9 6.P 8,0 8.7 9,3 _,8 0,8 0.8 0.8 9+8 1! 1/I 17 ZO 26 20 10 1_ 1_ 0.3

I

74 9,8 3._ 4+| 8,11 6+4 I 7,1 8+7 0.3 10 10,6 10,6 10,6 10+@ 10._ 62 1| 10 II _ 21 _0 66 I 13 10
78 3,0 4.1 , _.0 1.4 8.0 II,O I).3 Io LI 11,3 11.3 11.3 11.3 11.3 13 17 20 _3 24 _.q 21 17 14 II
78 _,3 4,8 |A d*| 7,_ I 8.7 10 II II 12 12 19 1_ 12 14 10 91 _4 _ _4 _ 18 ' 16 II

78 I 4,1 _,4 8*4 0.3 I 0.! 10 II 12 IJ 14 14 14 14 Z4 18 31 _ • 30 28 211 21 17 13 ,_
"/0 4,8 _,1) 1*0 0,1 LO Zl 12 13 L4 1_ 16 16 16 16 17 23 _,6 I_ 3_ 30 _ 23 19 14

so 1.o o,417._ 1o LI 11 _ t4 L_ la 10 11 IO _,+ +o _4 u ,_ _ _ _o 84 9o IO
81 i 6,_ LO O3 11 LI 12 |4 18 L6 17 17 17 67 17 90 30 _0 I_ 37 16 33 98 31 14_

_9 d,l 7.8 0.| 1! :9 13 11 L6 L7 18 18 18 18 18 21 _ )2 I1 40 I_ _ 98 _3 17
_13 |+8 |._ 10 _ !1_ 14 J_ L_r LO 20 _O 30 30 90 _3 30 _6 IO 42 10 _'_ 80 PA 1_

7.8 D.I 19 18 14 16 17 _ _1 21 |l _tl '_1 _ _2 17 _1_ 4_ i2 40 32 36 :O

, 8.3 10 13 1, ll5 I' 10 .'0 I..!1 9, _3 2, 33 '3 _6 3.S 10 14| 47 146 49 36 _ 91|0 _.1 12 11 18 16 17 _0 !1 23 ;4 _4 24 24 _4 _ _ I_ 47 80 47 4_ .?7 2.1 '_

10 13 14 I_ _17 I0 21 _ i_4 28 _ 26 BS 24 30 40 16 160 88 180 47 40 32 24

119 I_ 14 I_ Ig 20 ._I =4 Id I_ 30 30 _0 _0 _0 3_ 46 iO 110 113 . III0 6_ 4,1 3"I
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Table 3A - CorreeLions to be Added* to Perceived Noise
Levels to Account for Discrete Frequency Components

Band Center Differences In SPL of Toned Band Above Non-Toned Adjacem Bands - dB
Frequency.

Hz 1 2 3 4 5 8 10 12 14 16 18 20 25 30

iO0 0.0 0.0 O.O 0.0 ,i .4 ,G .8 ,9 I.i 1,2 1.4 1.8 2.3

125 O,0 O.0 0.0 0.0 .4 .7 .9 1.1 1.2 1.4 1.6 1.8 2.4 3.1
160 0.0 0.0 0.0 .3 .7 .9 1.2 1.4 1.6 i.: 2.1 2.4 3.2 4.2
200 0.O .3 .4 .6 .9 1.2 1.4 1.7 2.0 1.3 1.7 3.1 4.2 5.4
250 0.0 .5 .7 ,9 1.1 1.4 1.7 2.0 2.4 2.8 3.2 3.7 5.0 6.5
315 O.O .8 .9 1.1 1.3 1.7 2.0 2.4 2.8 3.3 2.8 4.4 6.0 7,8
400 0.0 .9 1.1 1,2 1.5 1.0 2,3 2.8 3,3 3.9 4._ 5.2 7,0 9.2
500 O.O i.i 1.2 1.4 1.8 2.2 2.7 3.3 3.9 4.5 5.3 6.0 8.2 10.7
630 O.O 1.2 1.3 1.5 2.0 2.4 3.0 3.6 4,3 5.6 5.8 6.7 9.1 11.9
700 0.O 1.2 1.4 1.6 2.0 2.5 3.1 3.7 4.4 4.2 6.0 5.9 9.4 12.2

800 O.O 1.2 1.4 1.6 2.0 2.5 S,l 3.7 .4.4 5.2 6.0 5.9 9.4 12.2
iOO0 O.O 1.1 1.3 1.5 1.9 2.4 3,0 3.6 4.2 5,0 5,8 5.6 0.0 11.8
1250 0.O 1.i 1.2 1.4 1.8 2.0 2.0 3.4 4.0 4.7 ,5.4 6.2 8.4 11,0
1600 .4 1.1 1.2 1.4 1.8 2.3 2.0 3.4 4.0 4.7 5.4 6.2 8,5 ll.O
2000 .8 i,I 1.3 1.5 1.0 2.4 2.9 3.5 4.1 4.8 5,6 6.4 8,8 11.5

2500 1.1 1.2 1.4 1,0 2.1 2.6 3.2 3.9 4,6 5.4 6.3 7.2 9,8 12.8

3100 1.2 1,4 1.6 1.9 2.4 3.0 3.8 4.5 ,5.4 6.0 7.4 8.5 11.5 16.1
3300 1.2 1.4 1.6 1,9 2.4 3,1 3.8 4.6 ,5.4 6,4 7.4 8.5 11.6 15.2
4000 1.1 1.3 1.5 1.8 2.0 2.8 3.5 4.2 5.0 5.9 6.0 7.9 10.7 14.1
5000 .6 1.1 1.3 1.5 1.9 2.4 3.0 3.6 4.2 5.0 5.8 6.6 9.0 11.0
5300 0.0 0.0 1.1 1.3 1.6 2.0 2.4 2.9 3.4 4.0 4.7 5.4 7.3 9.5
8000 O.0 0.0 0.0 0.0 1.2 1,5 1.8 2.2 2.5 3.0 3.4 3.9 5.2 6.9

i0000 0.0 O.O 0.0 0.0 O.O 0,0 1.2 1.5 1.7 2.0 2.3 2.6 2.5 4.5

* Corrections for tones are added after usual PNL calculation
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I APPENDIX B

I_ AIRCRAFT NOISE CHARACTERISTICS .
I

I_ This appendixprovides thetakeoffand landingnoisecharacteristicsofcurrentJettransportaircraftinterms ofeffectiveperceivednoise levelsas a functionof

number ofenginesand aRitudeor distancefrom the aircraft, These noiselevels

,_ were calculatedfrom datarecorded during flyoveroperationsofan aircraft
[ powered by four JT3D turbofan engines and an aircraft powered by two JTSD tur-

bofan engines. The techniques used to develop these data and the differences be-

!_ tween the levels thesetwo aircrafttypesand othercurrent types
noise of aircl_aft

are discussed.

[:_ The basisfor the calculationswas dataobtiinedfrom severalmagnetic tape

recordingsofflyovernoisedata atvariousenginepower settingsand variousdis-

tancesbetween theaircraftand the recordingstation. These tape recordingswere
analyzed wltha data analysissystem thatsamples instantaneousone-thirdoctave

band sound pressure levels(SPL's)atregularIntervalsduringthe.flyovercycle.The system utillzedan analogdc voltagereadoutproportlonaltothe positionof the

writingpen on a graphiclevelrecorder;the internaldamping ofthe levelrecorder

was adjustedso thattheindicatedSPL, atany given instantoftime, would equalthatwhich would be read on the meter ofa precisionsound levelmeter setfor high

damping, L e., "slow" scale. The rateofsampling thetraceonthe levelrecorder

_, was once every (}. 5 seconds.

instantaneous PNL's were determined at each 0.5 second interval. Each in-

I_ stantaneousPNL was thencorrectedfor the presence ofpure tonesas discussed
inAppendix A. EffectivePNL's were determined by addinga durationcorrection

I:_ developedinaccordance withthe procedures givenin Appendix A tothe maximumvalue of the tone corrected PNL. The calculation procedure was repeated for
various flyover noise tape recordings at several engine power settings and altt-

l_ Curves of EPNL altitude for several net thrust levels for fourt.udea. vs. engine
and two engine turbofan powered commercial jet transports were constructed by

I _ adding duration corrections and tone corrections (differences between peak tone
tm corrected PNL and instantaneousPNL) forVariousaltitudeand power settingsto

existingcurves ofcomposite PNL thathad been previouslyobtainedfor each type

! _ of aircraft. The data were extrapolated to different distances by applying uor-
i_ reotionsforsphericaldivergenceand air attenuationfor standardday conditions

I _ at 70% relative humidity. Additional curves of EPNL vs. distance were developed
I which includeground toground attenuationas wellas sphericaldivergenceand
tw

extraair attenuation.These curves are shown inFigures 1B and 2B.

While theanalysisprocedure describedabove differsinminor respects from

thatdiscussedinAppendix A, itisbelievedtoprovidethemost reliableestimates
, i

of effectivePNL'e possiblewithcurrentlyavailabledata.
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Similardeterminationsofthe EPNL characteristicsefother transportaircraft

have not been made. However, assumptionsbased on octaveband soundpressure

level and PNL determinations which have been made for other aircraft permit a
fairly reliable estimate of their EPNL characteristics relative to those ef the air-
craft which have been evaluated.

Most two and three engine Jet transport aircraft in this country are powered by

the JTSD engine. _T_o_0btain the EPNL's for a three engine ai_rcraft one need only_
add 2 EPNdB to the levels for a two-e_l_ aircraft at any g_van thrust. The few
a_Y_'g_ft-I_h'_e two categories which nee other engines may be approximated by
the data for the JT8D engine without introducing serious error In the resulting NEF
value. ,

In the case of four engine jet transports there are currently a number of air-
craft which use engines other than the JT3D-3B with short fan discharge duets. _
Those havingnoisecharacteristicswhich are significantlydifferentinterms of _'

PNL's from the levelsofthe JT3D-3B are thoseequipppedwith RCo 12 enginesand ,

thoseequippedwithJT3D-3B enginesinthe longfandischarge ductinstallation.

The RCo 12enginegenerates PNL's which are about4 PNdB higher thanthoseof
the JT3D-3B at takeoff thrust, However, since aircraft equipped with these en-
gines are small innumber, JT3D-3B noise datacan be used wRhout significant _.,
error. Long ductinstallationsofthe JT3D-3B enginecurrentlyinuse have re-

sultedin levelswhich are lower sttakeoffand landingthrustthan withtheshort

ductinstallation.However, the relativenumber ofaircraftso equippedwillbe

small inthetime periodbeingconsidered,and theJT3D-3B shortductnoisedata

can be used withoutsignificanterror.

Inthe ease ofaircraftusingotherturbojetengineswith suppressors such as
the JT4A-3 and JT4A-9, the differencesinnoiselevelrelativetotheJT3D-3B

appear tobe small. Differencesinperformance are presentedinAppendix C.

Itshouldbe re-emphaslzed thatthe EPNL's presentedare notthe equivalentof

themore familiarPNL. The differencesbetween them are dependentupon tone

contentand duration. The differencesobtainedfortheJT3D-3B shortductengine

and theJTSD-I engineattakeoffthrustand ata typicallandingthrustare illus-

tratedinFigure 3B.
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1 APPENDD_ C

AIRCRAFT PERFORMANCE :

This Appendix presents the general takeoffand landingprofilesused incon-

Junctionwithnoisevs. dlstnneedateto obtalnnoleelevelcontoursforoperations
ofthevariousaircraft.

TAKEOFF

The takeoff and climb performance capabilities of aircraft dependent
an are

upon many factors such as gross weight, runway elevation, drag, lift, total en-

gthe thrustand weather conditions. Fortunately,forthepurpose of noiselevelevaluations,most ofthese factorscan be treatedina fairlysimplemanner.

Figure 1C provides a Jet of five takeoff profiles denoted A, B, C, D and Erepresenting the range of takeoff profiles for all conventional commdrsial jet
ti'ansport aircraft ,it all operating gross weights. The interval between' profiles

was selectedon the basis ofroughlyequal inEPNL below theflightdifferences

path. For example, et 20,000 feet from brake release end directly below the

_' _ flight path, the differences in noise level resulting from any two adjacent profiles

for a takeoff thrust setting of the JT3D efigine would be approximately 2.8 EPNdB.

I ih practice there will be some variations f£'om these profiles for any given air-
plane. Takeoff thrust is rarely used abo_/e an altitude of 2,000 feet. There is

j usually some acceleration, a flap retraction and a reduction in engine power tomaximum cnntinaous thrust. However, these practices are not standardized and
in most cases will not produce significant changes in noise levels. For example,

reduction in noise resulting from reduced thrust normally results in a reducedclimb angle. The lower altitude would tend to offset the reduction in noise gen-
erated. For the purpose of this evalaetlon the profiles are all for maximum take-

offthrust. Reductionsintbrustwhich resultingreatlyreduced climb gradients
are notconsideredinthisanalysis.

The proper profile to be used for any aircraft type will depend upon the type of
engines and the gross weight of the aircraft. Figures 2C, 3C, and 4C have been

included to permit the determination of the proper profile for any conventional two,three or four engine jet transport aircraft at any operating gross weight. Flgure
2C relates the proper profile to the gross weight of four engine Jet transport air-

craft. Figure 3C provides a simplification of the information in Figure 2C by
dividing the four engine aircraft into two classes. This simplification may be used

i _ with n loss in accuracy of about + 1 EPNdB.

i ,

• q
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Four engine jet transport aircraft powered by JT3C-7 engines have not been in-
cluded in Figure 2C. The JT3C-7 engine is used only on intermediate range air-
craft which operate at much lower gross takeoff weights than those shown. Air-
craft with these engines are being phased out. For takeoff operations of the de-
creasing number still in use, appropriate takeoff profiles may be approximated
by adding 80,000 to their takeoff gross weight and using the lower line in
Figure 3C.

Figures 2C through 4C select the proper profile for a temperature condition of
840F and no wind. Any headwind or lower temperature would improve the climb-

out capability and any tailwtnd or higher temperature would have the opposite effect.

APP_{OACH

Conventional angles of descent for Instrument approaches vary from about
2-1/2 to 3 degrees. Visual approaches may be at slightly higher angles. For the
purposes of this evaluation technique an angle of 3° has been used. Figure 5C ,
relates altitude to distance from touchdown for this condition. (Nots that the touch-
down pointisnoton the end ofthe runway but isgenerallyabout i000 feetfrom the

landingthreshold.) ....

There will be variations in noise levels during approach for a given aircraft
type due to different engine thrust requirements as a function of aircraft gross
weight. Average approach thrusts were used in establishing the approach thrust
noise levelcurves inFigures IB and 2B.
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r APPENDIX D

f.
i_ EFFECTIVE PERCEIVED NOISE LEVEL CONTOURS

"_ ANDTABLES

ThisappendixprovidesEPNL dataforspecificflightprofilesandnumber of
enginesforcurrentjettransports.

_ Detaileddataarenotavailableatthistimeforthenextgenerationoflargejet
transportaircraftpoweredby thenew highbypassratioturbofanengines.

The newer engines will be quieter than current engines at both takeoff and
approach thrusts. However, aircraft using these engines will be limited in number

IS forthenextfew andshouldnothaveastronginfluenceon NEF levels.ItIs
years

J recommended, therefore, that noise level contours for the current aircraft having
ra thesame number ofenginesbe usedforthesenew typeaircraft.

is
No contoursforsupersonictransportshavebeenincluded.The limiteddata

_! availableatthepresenttimedonotpermitthetypeofanalysispresentedforcur-
_ rentaircraft.However,when appropriatedatabecomeavailabletheymay be in-

| corporatedintotheNEF's andtreatedinthesame manner ascurrentaircraft.l,
Thesecontoursarelessaccuratetothesidewhenthealreraftisatlowaltitude

I_ wheregroundattenuationisan importantfactor.
lJ

Each contournnd gridvalueeatisidentifiedby itsflightprofileletter(see

in FigurelC)andthenumberofengines.For example,FigureID representsa
J contour set for flight profile A for two engine aircraft A2).
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.... _b*75 07*0 f17.0 8_*8 fl_. ¢_ R%.I 8=;.7 89_? R4*fl 84._) 8"_.1o fl;'.R R'_.P Rl-¢; R*_._ F_. "4 7n "/ ?n

17.00 86.8 86*8 06.6 86°5 85*0 85*5 85*0 84*5 88*9 83*9 82.7 82°| 9t._ 83.8 8_.9 78,7 7_. I

17.50 8b.4 86*% 86.2 86,0 85*6 89,2 84.7' 84,Z 93.8 88.1 82,5 ill.9 fl|.9 R0,7 8_.1 78.9 79,1

LS*O0 86.0 86.0 85.8 85,_ 85*3 fl_,9 84.4 88.9 53.4 82.8 82,2 81,7 81.1 fl_,9 99.g 7_,_ 78._ D-_8



TABLE3D

TAKEOFF EPNL GRID VALUE SET C2

CUREENT TWO ENGINE AIRCRAFT

Dist. From
Start of T/O

Roll {Miles) SID_ , ,S

2.00 117.5 10_.7 qT._ 9_.R ql.n 87.7 8_.1 R_R _.Q 7q. _ 77.? 7_. A 7_._ 7&._ 7_._ 7_.q 71.1

2,25 114,9 106,1 98*5 96,6 91,7 BG,6 85,7 83,4 Al,5 79oA 78,3 76,9 75,6 74,5 Tq,_ 72._ 71._

2.75 IL1*_ [OT*Q _0._ @8.0 92,7 Rq,_ 86.6 8_,_ _2.3 80.6 7q*_ 77.6 76.6 7q.2 74,1 7_*I 7_._

3,2§ 10_,_ lob,5 101,8 q6,7 _,6 90,0 07,3 06,9 _8.q 01,2 7_,6 78,? 76,q ?_,0 7_,7 73,7 _.?

3.7_ 108._ _05.8 I03.6 97*5 9_.0 9Q.6 87._ 88.5 _.5 8_.7 80oi 7_.7 77.6 78.2 7_,I 7_.1 7_.I

_*25 _0_,_ I05._ I0_*0 q0.5 qg*b 91.I 08.3 85.9 _3._ 82.1 80.8 7_.1 77,R 78.6 7_,6 76._ 7_._

4,75 108,_ 10_,6 t02,6 q9,6 95,1 91.5 88,7 88,3 86.3 88,_ 80,_ 7_,_ 70,1 78,q 75,R ?%,0 7_.q

5,25 LO_,6 103,8 102,1 100,6 95,8 98,0 89,_ 8_,? R6,& 82,R _1,2 7_,8 70,6 77,2 76,1 7%1 7_,1

5.75 103.8 IO3*i 101.7 10O.I 9_.5 92°6 8q.4 87.0 S6.q 83.1 8_.5 _.D 7R.7 77.5 76.; 75._ ?@.;

7.25 101.7 101._ _00.4 qB._ q8.5 96.8 qO.b 87,q 88.7 8_.9 82.8 80.8 7q._ 7_.2 77,1 7_.0 7_._

7,75 101._ 100.8 lO0*O qB.l q8,1 _.2 ql*t 88._ 86.0 86.1 q8.8 RI.O 7_.5 78.4 77._ 7_.2 7%2

0,28 100.6 100,8 q?,_ q7.6 _5,7 93._ _1,3 80.h 8_.3 84._ R?.7 81.? 7_.R 78.8 77.6 ?_._ ?_.%

8.7§ 100._ 99*8 98.6 97*0 95,3 q8.6 q_*O 89.1 _6.6 06,6 8Z.9 RI.4 0_*_ 70.A 77.6 76.6 7_._

9*28 _9._ 9_*0 77.9 q&,$ 9_*q qS._ q1.7 0_.6 86.q 84.q 83.1 fll*_ 80.2 7R*q 77,R 7_.7 78.1

9*T§ qS*_ qfl.8 q7.3 96,0 q_.5 9_.0 _1.5 q_.l 87.3 85.I 83._ fll.B 80._ 7q.1 70._ 76._ 7_._

10.28 qT*q q7.8 98.7 95.5 q_*l q2.6 91.2 8_._ q7.b 85.6 8_.8 _2.D 80.6 7_._ 78.1 77._ 76.3

10.75 q7.1 q6,q q5.1 _5.0 93.7 92.] ql.O 80.7 88.6 85.8 _%8 82,2 8_.7 7_.4 78._ 77.2 7_.P

11,25 _b._ q_*Z q5.8 , 96.8 q3.3 qS.O qO.T 8q.4 88,8 06.| 86.1 82.4 BO._ 7_.6 70._ 77.3 7_._

11,75 95.8 95.6 95,0 96,0 q_.9 q1.6 _0._ 8q.2 88.l 07.0 06.6 82.6 81.1 7q.R 78.6 77.8 76,_

_2,25 95,2 95.0 ?_,6 98,5 92,5 ql,3 90,L 89,D 87,9 86,8 88,7 88,q 81,_ 70,0 7fl,7 77,8 7_,8
12.60 96o 9 q_ ,7 _6o_ @_,3 q2 ._ q[.? qo._ 8q.q R?._ RA-7 R&.R _.0 _1.6 _._ ?fl._ ??*? ?&-?

12.7§ Q6.6 96.6 93.9 93.1 9_.1 ql*O 8q.9 68.8 87.7 86.6 86,8 0_.1 81,5 fl_.l 7R._ 77.q 76.7

13.25 96.1 93.Q q3.6 q8.6 91.7 90.7 8q.6 88.5 q7.5 86,5 _5.5 8_.6 _1.8 _._ 70,_ 77._ 76._

13.78 93.5 93.6 92.9 92,2 91.8 90._ Rq.3 80._ _7.3 06._ 88.6 81.5 82._ 8O.q 7%2 7q.I 77.3

_*Z§ 9_.0 _2*q 92.6 qi.0 91.0 90.0 80. I 80._ 87.I R6*I 88.2 06.3 82.2 80,7 7_.4 7q*? 77.1

14,78 92.5 q2.6 92.0 91.6 90.6 8q.? 8R.8 R7.8 86.q 86.0 _8.L 86.8 82.6 ql.o 7_.6 78._ 77.%

_5.28 q2*_ 9_.q 81.6 97*0 q_*8 fl_.6 80*5 07*8 _8.7 85*8 86.q 86.1 8_.2 _1.2 70*R 78.8 77._

15,50 gl,8 ql,7 91,3 qO,G q8,1 8_,_ 00,6 87,5 86.6 08,7 8_,8 R_,O 83,2 87,3 7q,_ 70,6 77._

tb*00 qi.4 9_.3 9Q.9 q0*6 89.7 88,0 08.[ fl7.2 86,6 05.5 84,7 83,A f13*l 81.& q0,1 78,q 77,&

16.50 90*q 90.8 qO*8 90,0 89.6 08.6 A7.8 87.0 86,2 05.3 _,5 03,? R2._ q2.2 80._ 70,_ 77,_

17,00 qo,5 qO,6 qo*L 89,7 R_,O 88,3 87,6 . 86,8 86,0 85.2 B_,4 8t,6 82,A 82,L qO*_ 7_,_ 7a,_

|7._0 qO*_ 90.0 89.7 89*8 80*7 88.1 87._ 88.8 85*8 qS.0 8_.8 8_,6 82*7 0_,0 Rl*_ T_*_ 7q*P

18.Q0 09,7 69.6 89.6 8B.q B8.6 87.8 87.1 86,3 85.b R_,8 8_,_ 83,3 R2,6 8l,A _i,2 7q._ ?_,_



TABLE 4D

APPROACH EPNL GRID VALUE SET 2

CURRENT TWO ENGINE AIRCRAFT
Distance From

-- Lsndlng Threshold

(MIIos)

2.00 118.5 88.7 77.6 71._, 6&.7 ,52.1 =_5.I 54,,6 51 -G '*8.A 6,_.1 I._t.A e*18"/ "_r_._* _7 7 _'.. t "*,,
2.25 liB.0 q0*3 7%3 78.1 69.4 68.7 59.8 56.3 53.1 58.3 &7.R 45.5 4%3 _1.4 3q.6 3_._ _.6

/L__O 113,6 9t • 2___d)_,_3 74,! 6_-.J--64 _8__60.5 5 Z83__-5_,=2 51_-4 48+8 +,++_5__61. ++ _2_e. _'_ ? _q,t _7.7
2,78 llO,7 QL.9 81.0 74.9 78.2 65,6 61.6 55._ 55.0 52.2 49.7 47._ 4%7 _3.8 61,5 3_._ 3_._

3+0_0 |08+5 q_+4 At.7 7%.8 70.8 6++,2.. 6 Z,/_._8.._____%5.7 _2.q _.__, +_ .+R 4_-q _84. '+ _._. :' _+i._ _q_2_
3.25 106.8 82. c) 82.2 76.1 71.& 66.8 62.q 59.4 56.3 53.8 80. q t_l.6 46.5 44.6 42.8 4I.;' _.7
8.50 105.5 Q3.3 82.6 7&.6 71.9 &?._ 7%_*4 _9= _) RA.A ;;4._ R1.R 4q.::' ¢7._ 4=;.I &'_ 1 (._ ? ,.'_
3.75 10_..6 93.7 83.L 77.0 7Z.3 67.7 63.5 60.6 _7.3 81..5 52.0 _9.6 _.7.5 48.b 43.8 4_.? &3.7
4LOQ 1(}3.6 9It,2_ 83.4 77.4 72.7 #.8.1 &4._ &0,_____7-7 54.q _;_-._4 5(_-1 4,_n '... n i.z_ • _._ ? '.s

4.25 105'.5 94.7 83.8 77,7 75.L 68._ 64.6 61.2 55.1 55.3 52.8 53.5 t.8,4 45.4 _4.7 43.1 _,1. ',

4.78 I00.7 95,4+ ' 84.5 78,4 7].7 68.2 65.8 6I.q 55.8 56.0 53.8 '51,2 4q.l _?.2 _5.4 45._ &_._
5*OQ I(_O.O 95.1 84.8 78.7 7t_.r) Aq._; 65.6 62.;' _q.l ¢;6,8 5_,q _1_ A &o._ &_ _ &R++t &,* _ &_ ?
§*28 99,5 94.8 85,_. 79*0 7_*.8 69.8 65.q 62*5 _9.6 56*7 5&.2 5l, _) 4q*8 _.7*A &b*l r.&.5 &_;._
5.80 q 9 ..3___99_+____ _.L.____ ] 9 • _ 74.5 78 ./L___= 2___..6 _ R___59.1L _.7_ ._ __..54.5 -52 _ _n__ _.! &688'+----._.t_._.--+%-_+L
8.75 99*0 96.). 85.8 78.5 7_.8 70*3 86.4 63.0 6O*O 57.3 54.8 52,_ 58,4 _8.4 &6*7 45*t _3,8

6._ _7,7 88._ 86.7 58.| 75*8 70.5 66.9 63*5 60._ 57,8 5_*_ 5_*0 5f),q 4_.,_ 47._ _.% 4_,I

6.88 (17.0 0'_.[ 87.2 8/).4 _.Icl 711_ I_'_,1 _.R #,t_.R 58._1 RR.R _.'_I _l.p 6q_:) &'p R &R o && &
b.7§ cJ6.4 52.8 87*6 80.6 75.7 71.2 67.4 84.0 _.1.3 fi8.3 85.8 53.5 51/* 49.6 _.7.7 48.1 _'..5

........ "-_Q+-9_+_--+3?`+L5-_8`_-8_q_--_5_+9__7j._+--_Z_6-_6_`_-6_2_8_`5_-_6_ 5"i.7 _;I _ '+n.? _B,_ .+C__ ? +.'. %.
7*25 95.L 52.2 88*5 81*2 76.]. 7[.b 67.5 66.4 6L.4 58.7 56.2 56.0 5l.q _O.O 48._ 4').5 %_*1

7.75 94.1 9L,7 88.8 81.8 75.6 72*0 65.2 64.8 61.8 59.1 56.7 54.4 52.3 59,4 48,6 47.3 4_,R

5,25 93.t 5I.Z 88.t , 82.5 77.0 7_.4 68,6 85.2 62.2 5q.8 57.| 54,8 52.7 53.8 4q.0 67.4 4_. _

8.80 9_,7 9]_.0 67,q _ 77.2 72..0 _, ___65,,-4----6Z. _ +q.7 _L,? _5._ 8Z.2 51,_ _LS*? --43.8 __?.--
8.75 02._ 90.7 87.8 83.3 77,4 72.8 68.9 65*6 62.6 8q.o 57,4 55.2 53,1 51._ 6q.4 47._ %8._

9.25 91*7 90;2 87*6 84*0 77.9 73.2 69.3 65.9 65.0 68.8 _7.8 55.8 5_.5 51.6 4q.8 4q*? 4_,.7
9.80 9L.4 qO.8 _87*z_ 84.1 75.1 73.4 6q.5 66.! 63.1 60.4 58.0 _5.7 5"_.7 51.7 Rn_'+ e.m_+. &*._ c)
9.75 9L.1 8g.5 87.3 8_..q 75*4 73.5 68.6 66*3 63.3 60.6 8R.I _5.q 5_.R 5I.q +0.2 58.¢_ 47. t

lO.OO 90.8 8q.6 87.2 • 84.8 7_86 7_,,7 6__8 6_,_¢; fa_,__ 60.8 ---___Jl___h*1 _%,0 5:% I _n._ I...? t.?.:,
10.25 90.5 89.3 87*0 54.*8 78.9 73.9 70.0 66.6 63.6 60.q 8F1.5 56.2 84._ _.3 5rl. ¢; 68.9 r*7.r
10.80 g0.2 Bg.L 86.q 8/+.7 78_ 74.1 7_ 66,8 _+_JL__I. _ _8 L(+__56 +_4 § 4 +_._ 5p__.4____ n. ? 49-t t.-r. +.
10*7§ 8g.9 88.9 86*8 86.6 73.5 74.8 70.3 68.q 63.q 6_.2 _8.A 56.6 5_.5 5_.6 _o.q 4q.? 47.7
|1.00 89.7 88.7 86,7 84.5 79,8 7&.8 70.5 67.1 64.1 61,4 5q.0 56,7 5&-& R:'.? +_l.n &o.,. 4_._

1L.28 8q.4 88.5 86.5 ,84,5 83.2 76.8 70.7 67.3 64,3 61.6 5q.I 56.q _4.5 +12. cl ',I.I +q._ 4_.1
........ |_.50 Bg__.2____I_8 .__ 86.4 84.6 83.5 75._0 78_. 8__ b_+ ____ 6_. 4__& L+7 _q-*++ _*.0 5'_*q _'_.1 51.3 6:1.7 +85. = .

].1.75 88*9 88*| 86.3 84*3 83*7 78.2 7I.O 67.6 6+.6 At.q 89.+ 51*P ¢;¢;. 1 5_.2 51.5 4q.q &m.%

12.00 85.7 57.q 86.2 84.2 83.8 +75.5 _T/.i_!J 6F_,7 _-_.9 8¢[*Jz___St,J 5_J 23_,+ 5t .=i =i'_.Q %.q. +_
12.25 88.5 81.7 86.0 84. t 81.6 75.7 7t.4 67.0 64.9 67.+ ¢;0;7 57._; 85.4 _'4. ¢; 81.7 451 t.q._
12.50 88.8 67.5 88.g __+.0_ 81.5 76+0_ 7|,_%_ 6%1 +%0 82.'_ +q.R ,_7,_ 5_.+ _;.'_ 5|,m 51,_ %+q,_
12.75 88.1 87.4 85,8 83.9 81*4 76.2 71,8 68.2 65.2 62.5 60.0 51.7 55,7 56.n ¢;2.3 53.'+ ;m.+

_.8. O0 87.8 B7.8 85.6 85._8 815 ) .76__5 72,0 _J_9 __,_ 6Z-_ A_-1 +T,9 55,3___3.m =;?-_ _ +..'___/]_L-
I_.ZS 87.6 87.0 85.5 85.6 81.3 76.8 72.2 68.6 65.8 62.7 60.5 5_,0 _6.0 55,1 52+3 53.7 +n.?
|8*50 87.4 86.8 88.+ 88.5 8162 77j_]_ _ I_, 4____8__'£_5j ._____b2Ji 6O, + 5%? _56 *J____L/_ Z._----55..9 5_,L
13.75 87*5 86.7 85.8 83.4 81.1 77.4 72,6 68.9 65.8 6_.n 60.5 5_,3 _8.? _..+ R2.b 51.1 ++._
14.00 87.t 86.8 88.2 83.3 A1,8 77.7 72,6 6%1 6%0 6_,?, 6n,7 _,,4 m_.¢ m_..m _;_.7 _t.i 4"_._
L4*25 86*9 86*3 85,0 53. l 83.q 77.9 73.0 6q.2 66.1 83.3 6O.R qR.6 56.5 _4.6 5?.8 81.2 4"57
14.80 86.7 Ab.2 8&+q R3.0 8_+ fl 7T,q 7_,3 6q,4 66.2 _+ 8/_,D 58,7 56.4 _;.7 _.n m_._4___',"___
14.75 86.5 86.0 84.8 8Z.q 115.7 78.7 78.5 6q.6 66.4 43.6 bl.I 58.8 58.5 5t*.q 53.1 ¢;I. r_ q '+* "_
|5.00 86.+ 85*q 85.7 82.8 88.7 78+7 73.8 6q.8 66*5 63.7 61.7 +q,D qA,c_ +_m_) =i'_. 2 =51. _. _.1
18.25 86.2 85,7 84.6 82.7 8_.6 75*6 74.0 70.0 66.7 63.q 61.4 59.1 87._ 55.1 83._ 5t,7 _.?

L§*50 86.0 85.6 84*4 82.5 83.8 78*8 74.3 70.2 b6.q hS.O hi*5 5%2 57.1 5';.2 83.8 51.q 8_.'*
1_.75 88.8 R_.4 8/*.3 R2.& Rq.4 78._ 7&.A 7_.,_ _LTJ[_ 8_ ,%1.A q+.'_ =;?.t RR.& RI./, r___ R_-_
16.00 85*7 85.8 84.2 82*3 83.3 78.6 74.9 7_.6 67.2 84.3 AI.P +9,¢; 87.4 m_._ ¢;_.? ¢;P.1 58._
i t,. ;+s 88.5 RS.t m+.t m_._ "'+.2 78._ 7m.+ 79-m +?._ 68-_ +._ .m _q+_. _ 7. m __._58._._+88 ';7,? _ _.!,.L
16*§0 88,4 85*0 83,9 82.0 8:).1 78*3 75.3 71.0 67.5 84.6 65.0 5%7 57.+, 5m.7 ++._ 57._ 8_.0
[6.7_ 8_._ R+.R R'_.7 RI.Q A'I._ 7.._ 7_*.=; 71._ &7.7 _t..7 _,;1__ ;;q.Q RT.A =,_. _ R&.I K_.'; RT ._

17.00 85*| 84*7 B3*6 8L.5 78.9 78.1 75*6 7t.5 h7*q 64.q 62.3 4%0 _7.q _5.0 _&._ _2._ 5T*I
17.:_ R4.q R4.A R_*r+ RI.7 ?_.fl ?R+ll ?/,.4 71.7 AR _/'t /. _. p+ +¢1:).4 hq*_ _+_ 55.1 m+. q m:+,? 51.?
17.50 B4*A 84.4 83.3 8t.6 79.5 78.0 76.3 ' 7t.q 68.? 65.2 4_.+ 8_.2 58.1 58.2 54.+ _+.+ ¢;I._
IT.?_ R_*A 84._* R'_.I R1.4 7¢).7 77.¢_ 7A._ 75_._ &R.+ /,¢;+4 /,_.7 5_4 fi8.1 _&.'4 ml, _ _ n R+ -f*.
18.00 84.5 86.2 83.0 8h3 79,6 77,R 76.2 72.+ 68,b 65.5 67.q 50,5 58,5 _5.4 _4.7 51._ 51,5 D-_0



TABLE 5D
TAKEOFF EPNL GRID VALUE SET A3

CURRENT TEREE ENGINE AIRCRAFT

Dist, From
Start of 'I'/0

2.00 lIO.& 107.7 I04.0 99.(3 q_._ q_._ 89.4 87.1 gq.l R_-_ A_.7 Rr). "_ 7_.'_ ?'f.n _'_'. 7 79.7 79.._
2,28 100,9 107,3 |05°0 ¢)9,8 95,1 82,6 59,8 57,5 88,8 83,7 82.1 88,? 79.% 78,2 77.1 75,1 7_,1
2,-_L19]-,7 lOb-q 10%,7 Inn.? cJ5_,6 q'4.n qR,? 81,.8 Rfi,O__B-%,D A?._k___LLo_ 7__'/ _*._ _ 7? _ -t_ <. "t_ ,.
2,75 107°1 106,2 t04,3 IOI,5 97,0 83,4 qO,8 58,2 88,1 A%,3 82,7 AI.3 8_.3 78.8 77.7 7_,8 7_,r

3,25 |05,7 105,0 t03,5 102o0 9fi,2 94,2 91,2 88,7 86,7 84,q 83.3 8I,A 80._ 79,3 78,1 77,1 75,1

3,75 lot*, 5 104,0 102,8 101,2 98,8 95,1 91,8 89,3 87,_ 8%,_ 88,7 8;',_ _r),q 7_,7 78.8 77._ 78,_ i

,%75 102o4 102,1 IOl,l 99,t* 97°5 85,7 93,I 90,_ 88,1 86,2 8_,8 83,0 RI,8 93,% 79,? 78,_ 77,_

5,25 101,5 lOt,I lOO,O 98,5 95,8 95,2 93,6 91.1 98,8 86,6 A_,5 8_,3 81.9 80,7 79,_ 70,5 77._
8 ,,_ _-- _-00 ,,_8--_. 00_ % 99,_B,-0 q5_ 9%_9 93°_, 92.0-._8.9---86 .AL__88_ 0 83 _5-- fl2_1 --83., 8-_-q. 7 7 EL.J_---3J_-
5,75 100ol 99,8 98,9 97,6 95,1 98,6 93,2 qL,8 89,2 87.t3 85,2 83,P, 82.2 _1,0 79,8 7%7 77.7

b,Z_ 98.9 98,6 97.8 98.7 95._. 8%.1 9_.7 91.4 90._ 87.6 85°6 8%,0 82,8 81,8 8O.I 79,_] 7_o'_
h*_fl C)R._ ¢IR_I ¢17._ qf._q ¢)K_1 c]:_.R 0_*._ 91.'4 Qpt.I R? _1 _¢ (1 RA.:) _') -t _],% _]_ 7 7 tl 1 T_:!
6,78 9_,8 97*_ 9_,9 98,9 9_o8 _o5 92,3 91,1 89,9 87,9 86,1 _%,t, R_*q qI_5 At},_ ?q,_ 78._

7,2_ 96,7 96,5 98,0 95,1 9%,1 93,0 ql,8 90,7 89°h 88,8 8h.6 fl_,8 88,2 81,8 .Arl,t_ ?:1:_ 79,_

7,78 98,8 95,6 95,L 94,_ 93,4 92,_ 91,_ 90,3 fiq,2 8H,2 87,3 fl_,2 83,8 88,? R.q, ¢) 7_),7 78,7
R.flfl q_.'_ q_.:_ ¢)¢,_7 _L*.fl c/:t.I Q_.I 81-1 qfl.1 Rq*t RR._ R? I R_ "4 _I=_.R _:_.'4 RI.'_ 7:_ _ ?R.R

8,28 9.%,9 9_.*7 9_3 93o6 9_,8 ql,9 q0*8 89,9 88,q 87o9 87.8 86°1 8%*0 q?,_ RI,? _3.'1 78.q

8,75 9_,,1 93*9 93,5 _2*9 9_,2 91,3 98°% 89,5 88,6 87,7 86*8 AS,q R_,_ q_,_ qL,5 fll._ 7%_

9,25 93,3 93,2 92,8 92,3 9[,6 90,8 90,0 89,1 88,2 87._t 86,8 85,7 8%,9 _3.?, 81.q 83,_, 7_,_
q._o q2.q q;).A 02._J qp._l ql._t qO._ Rr).7 RR. r) _t_, 8 87,_ 8_,4 Aq._ q_.R _t. n R:).'_ Rq ? 7a._
9,75 92,5 92*8 92,1 91,6 91,0 80,3 89,5 88,7 87*q 87,0 86,2 flS, _* 8%,7 q'q,9 1_2,? qS*q 7%7

tO.flO 9;*.2 q_l q1.8 hi.3 9_.7 qC_._ _8._ 85,5 _LT._7 8_-q RF,.1 _q._l Rt*_j5 83.n ,_._ 8_.1 ?n.q
L0,25 91,8 91,7 9L,8 91,0 98,5 89,8 89,1 88,3 87,8 86,7 8h,8 8_,2 84,8 83,7 ;13.q 81,_ q'_,_

10,75 91,2 91°1 90°8 90,4 fl_,9 89,] 88,_ 87,9 87,2 86,4 88°7 _5,_ 8_,2 93,5 8_.q 81,3 8n,_
11.00 90.9 q8.fl 90.8 c_0.2 _:).7 flq.l RR.% 87.7 flT.N 86.3 fl'i._ Ae_.R qt*.l ct_ t. _:_ rl n_._ _l'_.e.

I_.Z5 80.8 90.*5 90,2 89.9 89°4 88.5 88o_ 87°8 86,8 86.[ 8_o4 8%*7 5%°8 , 8]o_ 8_.7 q_°_ q_._

11,75 89,9 89,9 89,7 89*3 88*fl 88,t_ 87o8 87,1 86.5 88o8 85.| 8%,5 83,8 q_,I 87.5 q[°q qto3

12,25 89,# 89,3 89,I 88,8 88,4 87*9 87,_, 86,8 88,1 85,5 8_*°q 84,2 83,8 87,9 82.3 81,7 8t,_
12.58 89.1 89.0 88.8 88.6 88._ 87.7 87.? fib.6 AS.[_ fl=;.4 A_.7 A<..I A'4. q ¢_:_.rt A'_. ;_ _1_*. nt.'_

12,75 88,8 88o8 88*6 85,3 87,9 87,5 87,0 86,_ 85,8 85,2 fl_,6 8%,0 83,8 8_,7 _2.I 81,_ 81,_
18.00 88.& 88,5 88.3 88*1 87,7 87.3 85.8 86,2 PL_ 85.0 _._ R_.a _3,? _._?,t. _*t ¢_1 t. _._
13,25 88,3 88,2 88*1 87,8 87,.8 87,0 86,6 86,0 85,5 84.9 84,3 83.7 83,1 82._ _1._ 81,_" 93,_

13o7_ 87*8 87,7 87,6 87,3 87,0 86,6 8h,2 85,7 85,1 84,8 84,0 83*_ R2,9 q?,'_ 81 .? 81,? 9%=,
t4.O0 87.8 87.8 87.z_ 87.1 85.8 86.4 8_.0 85.5 _*0 84._, R_,q 83._ 8;_.R a_.;_ q?.,, _l.t rl_. ,_
1%25 87,3 87,3 87,1 86,9 88,6 86,2 88,8 85,3 8_,8 84,3 83,7 83,2 82,h 87,l ql,5 _I.'_ _g,5

1%78 86,8 86,8 86,7 86,_ 86,2 85,8 85,_ 85,8 8%,5 8fl,0 83,5 82,9 82,4 81,9 _1,3 83,8 ql,:t

1§,2§ 56,4 86,3 86,2 86,0 85,5 88,4 55,0 84,6 84,2 83,7 83,2 82,7 8_,2 qlo7 ql,I 8_,_ _'11

15,50 86:2 86*L 86,0 85,8 85,6 85,2 84.9 84,5 8_,0 83,5 83,1 88,6 82,1 8l*h 8I,l R3,q q'1,1

16,00 _5,7 85,7 55,6 85,_ 85,2 84,8 84,5 84,t 83,7 83,9 82,8 RZ,3 81,8 al,3 80,q rl't.¢, . 7"),_
16.28 85.5 85.5 85.4 8=J.? R8.0 R't, 7 54_,3_ A§_J_ 83_ R_./__ 8P.7 82-_ ,1_7 ,__:, nn a n'_ "_ _o n
16,50 85,3 85,3 85,2 88,0 8%,8 84,5 8%2 83,8 83.4 83,0 82,8 8_,1 A|,6 81,1 _(1,7 ;t3.? 7o,7
16o7_ 89.1 88.1 8_.0 R4.8 H_._ R&.3 A4. fl R3.& Rq.: _ R_.A R_-¢. AI.q RI.q Al.n n_ _, n'__l 19. _,

].?*_0 54,,5 88,5 8_,4 84*2 8%,0 88,8 88,8 88o2 82,8 BZo% 82o0 8[,_ 81,1 93o7 AGo3 7_.q 7_)o%
17.78 B_,o3 8_..3 8_,.2 84.1 83.9 83,h 88.3 83._) 82.7 A;=.3 RI.q RI.q R_._I _n._ Rrl._ 7n -t _.'4
18,08 86,1 8_,L 8_*0 83,9 83,7 83, 5 83,2 B?,9 82,5 82,1 81.7 81,8 88,9 8G,% nSol 7%8 7r_,_ _'_]



TABLE 6D

TAKEOFF EPNL GRID VALUE 8b_C 53

CURRENT THREE ENGINE AIRCRAFT

. Dist. From
Startof T/O

s_ Dzs_ (_u_s)• IIoll(Miles}

_.08 113o9 lOq.q 101.& 87.:_ qe* . "_ Otl.q A_, 7 _.q A&*(_ 87._ A_.7 78.'_ 7R.q y', rl 78 _1 ?& q 71¢
2,25 112,5 109,1 102.2 98.0 9_.A 91.5 RR.7 86.8 36,_ 82.7 8l,l 78,7 ?8.t_ 77.S 78._ 73.7 7_o_

E.75 ILO.4 107.7 186.2 99,| 95.7 92.3 89,5 87.2 35.[ _3,t_ 81.8 8D._t 7_).1 77._ 7f).A 7fi.q 7_.3

3.28 107,8 107.0 [04.8 100.4 96,6 92.9 88,1 87.7 35.7 35._ 32.3 _S.9 7_,6 73.3 77,'_ 73._ ?,._

3*75 107.0 105.1 10_.2 L02,3 57,1 93,5 90.6 88.2 36.2 At*. _. 87,8 81,t* A3,3 ?3.Ft 77.7 78.7 7_,7

A*2§ 105.9 105,2 lO3.b 102.0 88.0 _4. I gIol 88.7 Aft.& 84.8 88.2 At.7 AS,6 7_._ 78.1 77,] 7ft.1

'_.75 10_,9 106.4 103,0 101.5 q3,1 96,7 _1,5 89.1 57.0 35,2 83,'_ R2,1 80.3 7:).5 73._ 77,<, 76.',

5.25 108.0 103,5 102.5 ).00.9 98.6 95.6 92.1 88.5 87,5 _5,5 85.9 3_,4 " 81.1 ?-').q 78.7 77,7 7_,.1
5_58 | 83_6_ J.Q3.2 __IQZ. ? 100.5--_8 *.3 9_,3 _8--88._7---_ 7.5 88._--_6÷D---82.3 BJ._2 q_,O 7F_,R 77 ft 7 ', ._-
8.78 103.2 102.8 LO2.0 lO0.1 98.| 96.1 92.7 8_. ¢) 57.7 _;5,A 84,2 82,7 Rl._ _:1,1 7_.t) 77,q 7_._

&.25 IO2,,_ 102.2 101.2 _9.4 97,6 85,7 93,2 90.4 88.1 R6,1 At*,6 8_, _) 51.t_ R t,4 ?q._ 78._ 77._

6.75 101.9 101.5 IOO,3 98.7 97.0 _5.5 q_,7 80.9 88.5 36,_ 86,7 8_.2 AI.A 8'},fl 78._ ?9.t* 7r.t.

?.25 100.8 100.5 99.5 38,1 56.5 96.9 93,6 _t2.8 88.9 36,8 A5.D 83.5 52,1 qn.9 78.7 78.6 77,_

7.78 99.8 99.5 98,6 97.4 55.0 96,5 93.1 91,7 5q.6 87.2 85,3 83,7 82,_ 81.0 7_.q ?3.3 7_.q
R.t_tl QQ.A QQ-t qN_:_ QT.l q_.? q¢.._t o_._ QI_A ;to_t, _17.A n_ K 91 n _ t. nl i n_ _ _*¢t _ ??

8.25 98.9 98,6 97.8 96,7 95,6 9¢..1 92.7 9I.t* 90.2 fl7.6 _15.& 84.0 82.8 At.3 AO.I 7_._ 78.'_

8.75 98.0 97.8 97.1 96.1 55.9 93.7 92,4 ql,2 c)O,O AT,q 88,0 54,3 82,8 RI,5 30,_ 78._ 73._

9.2§ 97*2 97.0 95.6 <)5.5 88._ 93.2 92.0 90,9 89.7 RA,7 96.6 8_*.6 83,_ A1,7 _O._ 7_oA 73._ i

95.3 95.7 _6.9 88,9 92,8 91.7 90,8 89.5 A8o_* 86.6 3_*,9 53.3 RI.9 AO.7 7_._ 78.5 jl
9.75 95.5

10.28 98.7 98.6 95.L 94.3 93._t c)2,6 91,3 90.5 89.2 88.2 87,5 88,3 8_.8 q?,_ 80, rz 70.7 15.7 i

10,75 95,1 9_.,9 96.6 _3.8 9_.9 92.0 91.0 90.0 89.0 3_.0 87.1 86.2 35,q 82._ 81,1 71_,o 78,:)
1|.o0 q,_.. T _&.& 84.1 q'_. ¢, qP.7 91.8 qO.R Aq.R qR.R RT.q _7.0 f_&.l R_*.I q_*fl ql._ ¢t'1. q 70.'_

11.25 96,_ 86*3 95.q ' 93.2 9_*8 q1,6 qO,6 89.7 88.7 87.8 BS.q 38.8 R_.2 82*7 91._ _),1 7o.1

11.75 93.8 93.7 93.3 ct2.7 q2,O ql.2 qO,3 89.t* 86,6 _7.6 85.7 A_.A 85,8 88.S ql,6 3").3 7_.?
1_.00 q_._ 83.6 83,0 q:P.5 qI.R ¢)|.0 80.| Rq._ _t_._ 57._* nt_. F, A¢;.7 _4.q q__l nl__ ¢t'1__ ?q _

12.25 83,2 93,t 92.7 _2.2 9L,5 90.8 89._ 88,1 35.2 87.5 _6,5 _5,7 8_**q 83,? el,q RS.8 7a,_
1_._0 q_.q q_,8 02,$ 9_.0 01.3 q0,6 89.7 RR.q RA.! rl7._ _/_._ fl_;._ Rt,.R _r,__ q_ rl n'1_7 7rl _

12,75 92.6 92,8 92.2 qI,7 91.1 90,3 89.6 88,3 87.9 87,1 5fl,5 85.5 8_.7 R_,q _2.1 8").8 7%7

13.28 92.1 92*0 9t.7 _1,2 q_,7 90.0 89.2 88.5 87.7 86.9 86,1 85.5 86,5 R_.3 8_.2 91.1 7_._

13.78 81.6 91.5 91,2 90.8 9_,2 89.6 88,9 88.2 37,6 86.6 55.9 88.1 Ate. t_ 83,7 33,r_ 31.3 3_,1
|&.O0 91._ ql.;' ql.O qO._ qS.O _q.4 83,7 RR.O 87._1 Rfl._ Aft.7 Rfi._ Ctt*. "_ _'4_fl FI_.O II1 _ "_ ¢1"1. :'

14.28 9t,1 91.0 90.7 90.3 89,8 88.2 85.6 87,q 87.I 8h.6 R5,h 3_*.g 34.2 3_,fi 32.q _.2 q'_. _*

16.75 90.6 cJO.5 90.3 8_,q 89,_ 88,5 88.2 87,_ 86.9 R6, I 85.3 86.7 3_,0 _8._* _2.7 _2,1 qq,_

15.25 90.1 90.1 89,8 89.5 89,0 88,5 87.9 87.5 86.6 A_.q 55,2 86.5 85.3 8_.2 _2.6 51.0 qloa

15.50 89.9 89.8 89.6 8_).2 82,9 88.3 87.7 87,t 86.5 85.8 85.1 5<*.3 _8,R 83.1 32,_ ._I._ 31._

16,00 89.8 89./* 89.2 BB.¢_ 88.5 B8,0 87.(' 36,_t 38.2 88,8 8t*._ _*.2 8_.6 _3.') 52._ RI._ ql.1

16.50 89,0 89.0 88.8 88,,5 88,1 87,b 87.1 86.5 85.9 85,3 0_.7 56.1 83,3 R?.fl _12,7 qI._ 31._

17,OO 88.6 B8*b 88.6 88.1 87,5 B7,S 56.8 96.3 85.7 53,1 33.5 53.9 A3,3 92._ fl2.1 _1.3 _,_)

17.50 88.2 88.2 88,0 87,8 81,6 87,0 86,5 86*0 85.6 54,9 83.5 53.7 R3.1 82.3 AI,q 81.3 _._

18.00 87.8 87.8 87.8 87.6 87.t 88.7 88.2 35.7 85.2 _.8 84.0 Fr_._ 82._ _.3 31.3 ql.7 80.7 D-22



'-"_--_'-_---- - .............................. _----- TAKEOFF EPNL GEID VALUE SET C3

............................... CLrRRENT TIIREE ENGINE A[ECKAFT

Dist.From

Startof T/O

Roll {_dIlss} SIEELT_ DZS_AF_E (}flEES)

._0 ........LL_ .....I12 ......3Ut________I_k/____._I/2_L]L_- ? 7 I/4.._A/9.--_L.314 _3__.3_k/_¢.--3 ll_ "_ _t_-...-.

___.J*O0 IL_t3 I_J'_J__...__°_.q*t* 98.6 q2.R "8_q 86.__ R4*h A;*.7 R].n TQ._ 7R*9 77.'1 7__R "re. q 7_ q 77 '_
2,25 lib*7 IO7*q 100.3 q_*4 93*5 90,2 87,5 85,2 _3,3 Rl,6 RO,I 78*7 77,t* 7"3,3 7_._ "rf** _ 7_._

.._.'_ _0-__11.% ___ _lO 9, 0__ 10 L*.O.____9Z*_0_9_, O 911,.7____8 *O. 85 =Z---_3 ,]_ __fl Z, L--ED _5.--Y3.. 1 72=3 7_.7 ?R J. ?¢-_A 7t,7
2.,75 1L3,6 L09*? 101.5 97.6 9_*_ 91*| 88*6 R?*l At+,1 82*4 8f)oR 79*6 7R,? 77,._ 7_,:_ 7G._ 76*3

3,25 111,7 L08,4 [03*8 98,5 q5*2 91,8 f;%L 86,7 84,7 83.8 81,4 8r)* r] ?fl,? 77.8 76._ 79._ 7'*,¢
._._* 50 110,8 107*R tO_.8 98*q 95*5 9_.1 Rq.4 R7.t_ Rq.O R'_._ 81.7 Rq._ ?q.n 77_R 7_._7 7R=7 7¢._?

3,7_ _09,9 107,_ 105,2 99*4 _5.8 92*4 I]@*b 87.3 85,3 83,5 RI,q 93,8 7q,_ 78.0 7._* _) 7_*_ 7¢)*_

4,25 107,9 [07.0 LO_,8 100,3 95,4 92,q 90,| B7,7 85,7 83,q 82.3 80.9 79,5 79,4 77.3 7"3,_ 7_*_

4,7§ 107,2 106,4 104,4 101,4 .95*9 93,3 q0*5 flS.[ 8b*l 8_,3 82*7 _t*2 7q, q 78,7 77o6 78*6 79._
5,00 lOb. g 106.0 lO_*. _ 102._ q?.? q_._ qfl.7 f]_._ Rfl_P _.q n)__ _t_t. nr).l ?¢1_0 ??__ _*.. "_ ?R.q
5*25 |08,4 105,6 103,9 |02*2 9?,6 93,R 90,9 8fl,5 88,_ 84,6 A3,O 81,6 80,? 7_,0 77._ 78._ 7%_

5,75 105,8 104,9 103.9 101,9 98*3 94,2 q1*2 88*8 86,7 8_**9 83,3 81*8 80,5 79*3 ?A,? 77,1 7_,_

6*2_ 104,9 LO_*3 103,0 101,3 9_,1 94,? qL*6 8q,t 87,0 85*2 83,6 A2*t 83,8 7_.6 78,_ ?tot* 7_*_

6,75 104,2 103,7 IO_,& LOI,O 98,7 95,3 92*0 89,_ 87,3 8_,4 R3,fl _2,3 A[,O 7o._ 78,7 77,6 7#.,_
.._* OLd* 8 tO_._ 4 ID 2___100, ? 9k-s qq.q q?.2_ R@_.J_ A?.,_ R_=5 83,9 f):*_ R _1.1 ?_ n -.--.7_. 8 7?. ?I-7-'_J-

7,_3 103.5 103.L 10_.2 100,4 98*3 96.3 92*4 89,7 87,5 _5*7 84.0 D2.6 8[,2 R'1, £) 78._ 77oq 7`3,_

7,75 10;%9 _02,6 101,8 09,_ 97*9 96,0 92,9 90,t 87,R Rfl,9 84.3 82,8 Rl*_ A'),2 79.1 ?q*') 77._
8,80 102,8 102,3 101.5 qq*6 q7.7 99. c) ql*l qo._ flR.n A&.O R_t,_ flT*_ FJt,_ 93,_ ?n__ 79.1 77_1
8,2§ lO_,4 102*L lOl,l qg,4 q?*_ 93,7 g3*l 90,4 8fi,1 86,E flt+,_ /_.3 RL,5 83,¢* 79,7 79._ 77,7

__8_50 __IOj,L__J.__ O_Q_.,_ _q_9Lk 97*3 9_j5 q3*q 90.7 qR.3 Ra.'_ Ot_,b___B3,j E1,7 _'_.S 79,_ ?a__ ??._
8.75 101,9 10[,6 100,4 98,8 97.1 95.4 9_.0 q0*9 88,4 86*_ 84,7 _3.7 91._ R_.6 70._ 7It,_ 77, t

_9_00 _O__j_6 101,2 1O__• t q____6 qS,9 95__ 9%7 91.L _._.. 8 88.5 R.____.q 3. _ _91,9 93,7 .?o._ 7_t.6 77. q
9*2_ 10|,2 100,8 99,7 98,3 95,7 95,1 93,5 qL,2 88,7 _8,7 R4,q fl_,4 82,(I 93,7 7_,_ 7q,`3 77.¢
9,50 100,8 100,4 99,t* qE.O q_5 @4tq q_#_ q?t_l _R.q RA,R R_.O 8:1.q R_=I qO.R 7o_? 7o=_ 77._,
q*?_ 100,4 lO0°I 99,I 97,8 95*3 9_*8 93,3 qi,9 8q*1 Rh*9 R5,1 83*6 82*2 93,9 79._ 78*7 77.7

__0.00 I 0_0_,0 ¢)9,7 q8,8 97,5 9_,_1 94_6 q_Ll-- ql.8 8q._ 87.1 Rq._ A_.7 R_._ _ql.O 7o._ 7_.n 77.q
_0,25 99*7 99*3 98,5 97*3 95,9 94.4 93.0 c)1,7 89.4 87,2 aS,_ _,8 _2,`3 91,1 7_,_ 79,_ 77.q
_0,_8 99,_ 99*0 98*_ ¢)7°0 QSj7 q_t_J 92.q 91._ 89,_ 87,_ _*_ _,q qT.t, q1.P qq._ 7q.-_ 77.q
10,75 98*9 98*7 97,9 96,8 95,5 94,1 92,8 91,5 90*2 87*6 88,6 R_,O _?.5 R1,2 _O,I 7:)*_ 79*._
11,00 98.b 98,3 ¢]7,6 96.5 9_.3 9_.g q_6 ql*3 g0.1 87.7 R'_.R R_.1 _?._, _1._* _q.I 73.1 ?q.q
11.25 98.3 98.0 97,3 96.3 95.| q3.A 92.5 9L.2 90,0 87,9 Rfi*q 8_.2 82.7 Rl,t_ {]9°? ?I)*l 78,1
tl.50 97.9 97,7 97 0 9&.O q_.9 93.6 ¢)2.4 ql.t q_,O 87_q 8(_t0 8_.3 82 ,__._.._q 1, _ Rn._ 7_._ 7n._
11.75 97.8 97.4 96,8, 95.8 94.7 93._ 92.2 9L.O 89.9 RR.8 RA._ R_._ f]?.q q1*6 qO,_ 7_)*_ 73._

12,25 97,0 9b,8 96,2 95*3 94,3 93.l @l*q 90,8 89,7 RR,8 Aft,5 R_.7 83,1 81,7 _O,q 7_,_ 79,_
12,50 96*7 96,5 96,0 95,1 9_.1 ¢)3.0 qI_ q0,7 89,6 8R,_ RAtA _e_t 93,? _1,_ _q,,_ 7_,_ ?q*_
12.7E 96*4 96.2 95,7 9_*9 9_.9 92*8 ql*? 90.6 89*5 RA*_ 86*6 8_.9 83*3 81.q _0,7 79*6 7q,R
_.3,00 96,2 98*0 98,4 gt_*7 93*7 92*6 9115 qO,4 89,4 _a,_ 07._ Pq,l q3*_ _7,3 qp,n 79,_ 79, _'
13,2_ 95*9 95*7 95,E 94,4 9_,5 q2*5 ql,t* q0,3 A9.3 AA*3 B7,3 A5,2 83*6 92,1 qO*_ 7_.7 7q, T
13o50 9_.8 95._ 95.0 94,2 q_.3 92,__ q_* '$ 90*2 87.2 88.2 87*2 Rq,3 83,7 ;_.P qn.o 79._ ?q.?
t3,75 95,3 95,2 94,7 94,0 93,1 q2,2 ql*I 90,1 89,1 8A*l R7,2 R'$,3 83,8 fl7,3 RI*O 7:_,_ 7q, q
14..00 9§,1 94*9 96,5 93*8 q_.q 92.0 ql*O qO*O R_),O RR*9 87,1 flA*2 R3,q q_.6 q1.1 79._ ?q._)
),4, 2§ 94.8 94,7 9_..E q3.6 9_.8 91.fl qO,q 89.9 88.9 87.9 AT,O RA.1 Art. (1 q2,5 F_I.2 R3.q ?R.n
[4.50 96.6 94.4 94.0 93.4 92.6 qI.T qO_7 R@_? 88*(_ 87*8 qh,q _6.1 R_.l _._ _._ r_._ ?_.n
L4,79 94,3 9_*,Z 93,8 93,2 92,4 9L,5 q0,8 89,_ 88,7 A7, A 8h,o 8&,O 84,2 92,8 ql*_ _0._ 79,_
_5.00 94.1 9_.0 93,8 q3*o 92*2 91.4 qfl,5 89*5 88_6 07,_7 86e_ _,_q 84.2 R?,q R1.R Rq.P 7_.t_
15,25 93,9 93,7 93,4 92,8 92*0 91,2 90,3 89,4 8_,5 87.6 8_,7 85,q 8%0 83,0 -qI*6 93,_ 7q.P

18,50 93*6 93,5 93,L 92,6 91,9 91.1 90,2 89,3 88,6 87,5 86,8 85,8 8%0 _3,1 81,? R3,& T:)*3
-.J,._ * 7_ 93,_ 9}-3 9?-9 97_4 91,? 9o._ en.o Rq.; _ qn.'_ a7._. J6J5 B';.7 ne,.o _'_. _, _._ _',_ =; 7r). ,,

16,00 93*2 93.1 92*7 92.2 91.5 90.? Rq,q 89.0 88*2 87.3 8h.5 R`3,6 B4*q q_,2 R]*q R3*A 7q, t
Lb_..5 93.0 9_,1} 92..,_=; q;_.o q I ./t_.-_90.___B3.. 8 f]_L.-q 9R.I n7.;, .-._ h_4 qS,fi H_,, R Fta._ _-_ __7 ", o_ __
16.80 92*7 92,8 92,3 91.8 91.E 90.¢* 89.6 88.8 _q,8 A7.1 86,3 89.5 84,7 8_,'_ 92*1 A_._ ?'_. `3
18,75 92.5 92.4 9_.t OI.A 9L.[3 qO.q Rq._ fiR.7 RT,q 87,_1 _A.P RG.t* 84.7 _.q q_ • _q-q ?n.?

|7*QO 92*3 9Z,2 qL*9 91,5 93,8 90,I Aq*4 8R,6 _7.8 fi?*O 86,2 R_,_ R4,5 R3.9 R2. _. ql*'_ ?q*q
.___7_2 _ 9_.LL--.9,_ 9 J_.7_91*3___9_L..7 °_.L ._I_, 3 RF_.S 87 _7_.__B8._9 RS.I R5._:1 R._.5 q:_, ¢_ FIT- ':' _1.1 ? ",. :_

17,50 q1*9 91,B 91*5 q1*1 93*5 B9,9 8q*L _A*4 87.8 B8,8 86,0 88.7 8_,5 83,A _3,1 _1,2 q3,q

lO*O0 ql*8 91,4 91,2 90*7 93*2 89,6 88,9 88,_ 8T,4 86,6 85,8 85,1 _4,_* q3*b fi3*O qL,3 89, I



............................... ..... ..... TABLE 8B

TAKEOFF EPNL GRID VALUE 2ET D3

___ CURRENT TIIREE ENGINE AIBCRAFT

Dist.From

2tart ofT/O
Boll {Miles)

.__Q___L/_4 1/2 ]/+4 I L]+/G, 1+_+_2 _' _/_ ? ? 1/_ ? l/? ? _f_. '_ '_ v.','. "_ 1.,? 3 :_f5 +,_

2.00 IP7.fl 1{)4.0 qT._ q_.6 91.0 R_7.A Hq.'4 R'_.P ql._ 7°-7 7R._ 77._ ?__q "t__7 ?_ ? ??, T TI 7
2.25 122,2 106,2 9R,5 94,8 92,1 88,q 8h,2 84.1 82,2 HRS.5 79,0 77.7 76.5 7r,.4 74,'+ 7'+,5 79.5

..... _.* §ILLS+ L 102 • 0--_9...5 9.5. h q;'.A ram++ A{a+_.___4997 _2+Z__-[tL. I 7_9+6 Z.8+? 7.+.:n ?_.n ?t. . vS,FI 77_L
2,75 117,0 107,8 tOO*2 q3*3 93,4 90,t ,_P,4 85.1 R3,2 RL,5 80,<_ 78,6 77,4 76.? 7%+ 74,? 7%++

....... 3.00__]J,+5___+_O2.J___J_O.B 9h._ 93_ 9(I._ RT_._ AS.*-5 /_3+b--t]l+-9 RQ*_. 7q,n 77.Z __It. ¢. ?m__ ?_ m 73.q
3,25 II+*[ t09*9 101.3 qT,B 99,3 90.9 R8.2 85,9 83+9 82,2 87_,7 79.9 78,') 75,8 75.8 74,8 75.m
't.511 II'_.O IL')q.q INI-A q'1.7 q&./. ql_'3 AA. _ RFI._ 94.7 _+ _ A_.97 ?q._ 79 _ •'t 1 +fi._ 7_ "t "r,, 1
3,75 LL2,4 LOS",9 L02,3 98,[ 94.9 91,5 88,8 FI+,,5 FI4,5 FI;?.7 RI,_ 79.8 78,5 77,3 76.+ 75,2 74._

....... 9.00. HI.S_-}+OSL9 102.9 92._5 959.2 9_-._q Rq.cL_lh.+7 8t_,_Z__B+3+CI St. t" nn.n "t___?7.m "tx,.m ?m L "t% ._
4,25 1LL,I tO,7,9 103,6 98,8 95,5 c_2, I ++9.3 ST.0 ._'_,0 s_J,2 ++l.,s ++7.2 78.q 77,7 76,+, 7%6 74,7

....... 4 ,§ O--l]-Q_,_+. [0[,,-7_ 0_..3__ +J9, P 95._7 97-,3 F_9*_--27..19._5 * ? R3_-4 g 1...,_ R_]+4 7891__j_7.9 Z&.R 7r+,rl .7(*.__
4.72 I09.S t07.5 |OS._ 99,5 95,9 9_.2 89.7 87, "* R5.4 R3.h R2.0 RO.6 79.3 ?q.1 77.[I 7_.') 79,7

___ _.00 I_R.(_ In7.3 , l_E.tl "qq.¢l o.%._ q_.7 Rq.q RT_A Rq.A A:t R R:l._ A_1.7 7_.& 7_.:* 77 1 79% 1 75 7 "
5,2§ 107,9 107,0 _0_,8 IOO*_ 95,4 92,9 90,1 87,7 _J5,7 83*9 92*3 AI),9 7_*fi 75,4 77.3 7_,,5 75,3

..... 2*5Q--IQL_IOb.8_Q_.?_+O,L_?._.+6 939/.----.9093 8_+9__S+-9 A6_--82_ 8[.9 ZB.? 7n _; ?? • "t& t. ?,_ ,.

5*75 107*3 106,2 [O&*5 IOl*3 95,8 93,3 90,4 AA*t 82,0 84.2 A_*6 HI*2 79,q 79*7 77,6 7&,¢; 75,5

6*22 '_26.8 105.9 _+2(¢+.[ ._02.3 97,_ , 93._ 90.7 28.3 86.) 84.5 8_*9 8 I. * t* 9t0.| 75.C_ 77.fl 7/+.8 75._

6*75 126,0 _02,3 103,7 i02*I 97*9 9't%,0 91,0 8A,6 R6,6 84,7 93*1 AI.7 80,4 7_,2 72,3 77,3 79,_
.....7*OQ-+J+Q5.7 --.105+ Q+_23+5 _._.J+O2,O+_--+_+ _ 9 _. _]+. 2 --28.7..._+8 6.7--.-BJ++ 9---_3 ._3--Rt .+q_. 5-_+ 3 78,-L-----'_I 7%_1

7*25 105,4 104,8 t03,3 LOt,9 9R,_ 9_,3 QL.3 88,9 86,8 Afi,O 83*_* AI,_ A0,5 7:)._ 78,_ 77,: _ 7t,,_
.......... 7_+§Q*__].Q-5++L_.l O_r,95___LD3_ 2 10197---9::J +2 9te*h 9 L*_..-_199 n 8h+.cl ,_*1 83,_ 829 Q ---SQ*J--7~q * 5 7_: & r'P + '_ ",. •

7,75 19_,8 LO_,3 103,0 191,5 93,0 94,PI qt,h Aq.t 87,0 85.;_ B3,6 8;%1 A3,q 79, f', 7_,4 77.4 7%4

8,29 194.,3 _03*8 122*6 lOl*O 98,_ 95*2 9t.9 RS,t_ _7,3 ;15,4 R3.8 A2.3 AI*_ 7:),8 78*6 77,_, 7t_,_
..... E_,SL+LO_+O-.--_LO-_+E-_J.O2-e-+.--[OO.B----Sa. h 92,.5 9P+ _ mq_5__7+t, 8_5+5----83, q BZ, _ A t +1----z-q_ 7A. 7 77 7 7__ 7

8,75 103,7 103,3 102*3 100,6 98,4 95,5 92*3 89,6 87,5 85,6 8t*,O 82,5 At,2 79,9 7R.A 77,q 7%q
q.no In3_._* In_,O_Q2_/.__lOO_4 98.,3 "qh,3 q?_5 AS+L_B2.+_+__.__59_ + 8k.l 82+6_1_Z-- _n+n ?n _ v+,. v_,.n

9.25 103 *:_ 102.8 102.0 100,2 92.t 96.| 92*7 88.9 87,7 85,8 94*2 R_*7 81._ 53.1 7c).q 77._ ?A,q
q._O I_.c_ 1_12.6 INI .R qq.q ¢_?.Q qA.r] ¢)_.q q__N ;17.A qr;.q R_,._ RP_R _1 .t. q.1+9 ?t_ r'l 7¢1 -, 77 ,

9,75 102*7 |02._ 10_*6 99,7 97,B 95, _I, 93,1 90,2 87.9 fl_*9 A4.3 82,R At*5 R0.3 79*1 79,I 17,1
IO__OLED2.5 -102,2__.101-_ 99,_5 97._ qS.A _St, Z.--_-qO,3 8B,B " AA.l A+,_4 87._9_---8/_6---.83-:_ _q_+_ ?o._ 7v___
[0*22 L02,3 102,0 _01,2 99,3 97,_ 95,7 94,0 90*5 88,1 A&.; i H_*5 A_*O fl|*7 RT,t_ 79*'4 78,2 77,P
lO._O_Ol_.l IOt.+ InS. 7 99,t qT._J Q_.R 9_..9 ¢IfI.7 __.3 f16.,_ R_. f_ R94-I _q!__7_'_-K ?0 _ 79 _I 77 :t
[0*75 I01.9 |0[*b i00*4 98.8 gT*l 95,4 93*8 90.9 B8,4 82*4 8L,.7 8_*2 21.6 +97.6 79, t, 73,4 77,&
_L_ tOL.7 101._ I_1")._ OR.F, q_,.9 q¢_*'t 0_.7 ql._ RR.K t4fl. A A/+.A FI'4+;+ AI.q It'__A 70 I_ 7q+/+ 77 &

11,25 10[,4 _91,0 99,9 q_,G. 95,2 95,1 93,6 9I,t 8B,7 86.6 B_.,q 83,3 82.0 riD.7 79,6 7rJ,5 77,5
...... .//._Q I01,[ _+00,_ 99.6 ,9B.[__ 9B.,% qq-O 9_.-5 9_-._ AR_A _,c..7 n_,_9 R3J+ n_ n nN.R 79,_ "_¢__. 7? ,.

|1,75 100,7 100,4 99,_ 98,0 95,_ 94,9 93,4 92,0 89.0 A6*A RS*O 8_*2 S_*l q_*R 79*7 73*6 77,6
..... +_Z*9___100___/0O,[ 99.1 97.98 9_+.3 qt+.? 939,3 91-9 R9.] R6._.___¢_.I R'_+.h ¢_+.P nq__ 7o.¢I 7n • "e• 7

[2.2§ 120.[ 99*8 98.8 97,6 95.I 94*6 93.2 qL*2 89.3 97*[ A+,? 83.6 82._ 5]*0 7_),8 7A,7 77,7
t2.50 99.8 99._ qA.6* 97.+ 95.Q q&.5 ¢)'4.1 c11.7 99*4 A7._ A_.'4 _'_.7 R_.1 nl+'_ ?a _ 7 rl +¢1 ??.q

12,75 99,2 99,2 92,3 qT*l 95*8 94,4 93,0 ml,_+ +9.5 87,3 85,4 A3*A A2,4 Al.I 79.9 75.q 77. ::)
..... i_O 99*1 9(].9. 9.8LL-.___6 *.9 91+6 94.2.__Z*-9 9__9 9Q.._i R?.4 mm.K q_l,q __a+5. 111-+ nn f+ 7R-O V?+O

|3,25 9B,q 98,6 97,9 96,7 92,t+ 94,t 92,7 91,_, 90*2 87,& 85,6 A_*,n 82,_ Al._' AN,1 79,'1 7q,3
..... -+I.3_._L_qB.,,J_ 98.,_4-___97...b 9+,5 95- +j q4.n aT._ 91.+. 9Q.I AZ_7_.--P_.7 .-_k-I n_ T_ 7|.+_ @n 1 "Pt_ '_ ?_1

[3*75 98*4 98*[ 97._ 96*3 95.I 93._ 92,5 91.3 90,1 A7. A AS*q 86*2 92,7 AI*_* qo*;' 7q*t 78.1
|4*00 9_,7. 97a_ 97._ 97.._ 95.0 q'_.7 _;*._ 91.2 qt_.A A7.q R.%.('1 A_+.'zl R_.R ql+R ¢lA.q 7_ 7 7A 0

[5*20 96,6 96,_ 95,8 95*0 94,0 92.9 91.8 90*5 89,5 a8.5 86*6 83*q A3.3 81*q _0._ 79*5 7R*_

[b*O0 96.[ 96.0 95*+ 94,6 q+,7 92,6 q[.5 90,4 _9.4 AA,3 97.4 A_,| A3,4 q_.3 q3.R 79,_ 7A,&

_6,§0 92*7 95,5 95*0 94*3 93.4 +2*4 91,3 90.9 89*2 98*2 87*2 _q*3 23,6 92*2 SO.+ 7q.m ?3.7
t6.75 qS._ 95,3 94.8 _6.1 q3.P 92.2 qT._ _._ Rq.1 AA.T R? "_ AA-_ R_+? m+ _ _1._ _ n ?n n

[7*00 95*3 95*| 94,_ 93.9 93,L q2*l 91,[ 90,1 89.1 AS,! A7,t B5.3 A3.A 92,4 ql,9 79,+ 7A,q
.......... t7.25__9_.t 9+.J__j.,____.Sj. fl 92.,+ 92.O ql._ qO___.,._.n hA. n [_79,,j.__._B6. _ q3.g--_._+--+ht 7q+q ?_.3-

17,50 94.8 9+*7 94*3 93,6 92.8 9L*_ 90,9 Aq,9 +8.9 27,q a7*O S6,t 84,0 87,5 Alo+ A_*3 78,+
17.7s 94.+ qb.s q_.I o3,4 97.h qJ*7 +_.A Rq+_8 RP_A 97_9._599 R4.? m&+L__qp.h Rt 7 m_ I 79,n , D+24
[8,00 9+,4 94,3 93.9 93,3 92,5 91,6 90,6 Bq,7 88.7 97.8 R2,O 96,+ 84,2 87,7 ql,3 q+,l 79, n



TABLE 9D

APPROACII EPNL GRID VALUE EET 3

CUBREI_' TIiREE ENGINE AIRCRAFT
Distanco From

Landing Throshold

(Miles} aZ_L_ m_:¢, (MZ_S)

2¢00 120.3 qO._ 79.6 73.2 60.5 AB.q _q.q 56=_ q1=:t qnJ, &7.q _5.fl &_-q _.I._ _n.5 "_?_q "t_.?

2,25 119,8 02,1 8L,L 76,q 73,2 65,5 61,6 58,1 54,g 52,1 49,6 67,3 65,1 63,2 41,e, 5q.q 3%_

a,75 112,5 <)3,7 82,8 76,7 72,0 67,4 65, 6, 59,9 56,8 54,0 51.5 40.I 47.0 %5,| 63o'_ 61.7 63,3
........ 3,00_110*3__-9_.7 _3,5 7L3 7_.A AFL.D A6.I A(_J, RT_R R&.? R9 _ ,',:_.8 &?.? ,.R ot at, '_ c9 _. ¢,,_

3,25 108,6 <)5,7 86,0 77,9 73,2 68,6 66,7 61,2 58,1 55,3 52,7 50.6 48,3 65,6 64.6 _3,_ 61._
5.58 lf17.'l _5.1 84.A 78.4 73.7 .50.1 AR.: _ A1-';' gR.A qq.R _;_-'_ _;I .r_ t,l__n _.'. a ¢q.1 **_.R %';
3,75 106,2 95,5 8_,9 78,9 76,1 69,5 65,6 62,2 89,1 56,3 53.8 51,6 49,3 57,6 65.6 66,3 6_._

....... _%* 00 __105.,2 96aL0___, ? 7_ *_--7-% _ _ Aq.q 6_O A:).& qq.q qA.7 R&-_ 51.q 4q.S &7_q &K_I Le. R _._,q

6,75 10_,3 <)6,5 85,6 79,5 7_,,9 70.5 66,6 63,0 50,0 57,1 56.6 52,3 50.2 t,8.2 66,5 _.c,, _ 63.4

6,75 102,5 07,_ 8&,3 30,?. 75.5 7_,0 67,I 65,7 _0,6 57,8 5_.5 5_,O 50,9 _q,0 _I.; 65.6 64,1
5.OO I(H .8 9A.q 8A.A flC_.q 7_.R ";'1 :_ A7_&. At*._ /._%_o RR.:_ qR.? q:t_& gl._t &:_ "_ t.? _. ¢.R c_ f.& ¢;

5,25 101,3 g6,b 86,9 30,8 76,1 71,6 67,7 66,3 61,2 58,5 56,0 53,7 "51,8 6_.8 ;.7 • :_ _+6, "_ _.6,q
........ 5._.SQ__IOL, I 08._-__87.,3 8_L-_.._6,'_ "LL_B__6B*D__66,fl 61-q gn.n 8fl,5 5G= _ 01 o &o n &n _ t.,. _ t.¢:

5.75 100.8 65.0 87.6 81.3 76.6 72.1 88,2 6&.8 61,8 5g.I 5_,.8 5¢.3 52.;_ 53,2 _,8.fi t*5._ _,5,_

6.25 69.5 95.2 88.5 81._ 77.1 72.6 68.7 65.3 62,3 56.6 57.1 36.8 52.7 58.3 6g.D 67._ _,5,q
(la_;1"1 qH.R q4-q RQ-_ fl:)._ 77._ ?_-R _.R__) A¢;J. k___'. R__R R? "a q__1 q't.r_ 51 .3 &.-) _ _.? ? t.¢, 9
6.78 qg.z 96,6 89.4 82.4 77.5 73.0 6_,z 85,8 62.8 6o.1 57.8 55.3 55.2 51.3 t*g.5 67. _) 66.;

7,28 06,9 96,0 00,3 83,0 77,_ 73,6 60,6 66,2 63*2 60,5 58,O 55*8 53,7 51,8 5O,D gq.6 ;_.9

7.78 65*9 93.5 90.1 83.6 79.4 73.8 70.0 66,b 63*b 60.q 5fi.5 56.2 56.1 82.2 50.6 48,8 67._

8*25 9e_,9 93,0 8q,0 86,3 75,8 76,2 78,6 b7,8 66,0 61,3 58,0 5_,6 56,5 52,h 50,8 49,;? 67,8

8,75 95,1 92,5 89,6 85,1 79,2 74,6 70,7 87,4 66,6 61,7 59,2 57,0 56,9 53,0 5h2 _,q*8 6%1

g*25 93,5 92.0 89,6 85.8 73,7 78.0 71.1 87.7 66,8 62.1 5c).6 57.3 5fi,3 5_.6 _1.8 5"),q 60,5
q._iO 03.2 ql .R Rq._ flq=q 7:_=q 70._ 71.'_ &?*q A&*q ?,_._ RO-R R7 5 05.5 _;'4. R ql.q R'}-_ 4R.?
<)*78 02,9 91,6 8q*L . 88,7 8_,2 75,3 71.6 68,l 65,1 62,4 5q,g 37.7 55,8 83,7 56_,3 55,'* 68,_

10,25 92*3 91,1 88,8 86*6 83.7 75.7 71,8 68,4 85,5 62,7 60,3 58,0 58,f) 5_**1 52._ 53,7 4_,_

10*75 91,7 90*7 8fl.6 88*6 81*3 76*1 7Z*1 88*7 85.7 03.0 60.8 5R*6 88,3 5%*6 52.8 51*0 t_q*5
11.00 911_5._ 00.5 RA*5 RA.t 51._ 7A=_ 7:_*'; AR.Q fl¢;.q &q._ _=A qq-q _;A.& R&-'_ _9.n gt • t,:l ?
[1*25 91,2 90,3 88,3 86,5 8_*0 75*8 72*3 66,1 68,1 83,6 60,9 88,7 56,6 5_.,7 52*q 31,3 60.r_

].1* 73 58,7 89*Q 88,1 86, i 82*8 77.0 77*8 6c),6 86,4 85,7 61,2 50,_ 36*0 55,_ 53*3 31,6 5")'*_
.... l 2 =O 0____?= ,J _,.._8.9_i.__36,0 g_.o 82, ___ 7/_3____73 .D.___9,5 86,5 fi_fl fi_,5 59 -1 R?., R5, ? K_.& _t n _n

1.2.25 qo.3 8g.5 87.8 85.9 83,4 77.5 73.2 69.7 66.7 AT.O 61.5 58.3 57,2 55,3 53.5 51._ 5"1.6
18.50 flO.l 89.3 87.7 88.8 83.3 77.8 73.6 60.9 bA*R &4.1 AI.¢, fiq._ 57._ _65.4 q'_.7 q_.1 q_._
12.75 80.5 89.2 87*6 83.7 83.2 78.0 73.6 70,0 67.0 64,3 61.8 30*5 57.5 85.8 53,8 32.2 53.7

......... L_ *9.0_ _? .h____09,_0__07.6 85.6 .fl._, I ZIL,._ 7_.8 70_2 hL] A_..4 6t.q ';q.7 *;?. _. ,;r; -+. _.n ___ _n._
13*25 89*# 88,8 fl7,3 85*6 83,1 78,8 76*0 70,_ 67,5 64*3 62*1 55*5 37,R 55*9 54,_ 52,5 51*D

...... _].,_0__ _8_*/___, 0 07,/.--_85*.]___83, D___ 7 fl,9 .3__L-_ 7n-5 67.6 64=7 _p._ __n g7.(_ Rk.n Ks._ R:_.& Rt.t

13,75 89.1 98.5 87,1 85.2 82,9 70.2 76.6 70.7 67.8 66.8 62.3 80.1 58.0 58.1 56,¢ 52.q 31.3
1_.00 88* _) 88.3 87.0 88*1 8_.8 7g.5 76.6 ?fl.Q &7*7 AS°q 6_*_ _._ i_lq. 9 i;_._ "4 _4.q g?.r_ _l.&
14,85 8fl*7 88*I 88*8 8%,5 82,7 79*7 76,8 71*0 87*0 65,I 6_*8 68,4 38.3 88,6 84,6 8_, "t 81,5

........14, _O_ ___88J______O_, O 0h LL --@_/L5--__B/.,___ --7_t17--__--_,J._ 71-2 Ag.O AS_ &_=R &n.q RR.& _A.q g&.n Ra _ ;;I ?

14,75 88,3 97,8 B8,6 84,7 82,5 80,5 75.3 71,6 68,2 65,4 h?,q 6n,6 58,8 56,7 54,9 55,5 81,a

15.25 88.0 87.5 86.6 84.5 82.6 80.8 75.8 71.8 68,5 65.7 83._ 60,q 55.8 88*q 55,1 53.5 5_.'_

15,50 87.8 87.4 8_.2 86,3 82.5 80.3 76.1 72.0 68.7 65*8 63.3 61.0 58,c_ 57,3 55,3 53,7 5_.:'

16,00 87,5 87,1 86*0 84.1 82.1 88.2 76,7 72*6 6qoo 86.1 63*_ 61,3 50*8 fi7.5 8fi,5 53._ 5:_*&
--__I16_2_____* 3 __ 86,9.___ 85,_ __ 8_* 0__._82 *0 _ .80,1__ ?_,_5__-Z2._A__.f_ 1 86-'_ +,'__ "t _1.++ fiq*3 57, _ ¢_R _ RL t_ R'_ R

16*50 87,2 36,0 88,7 83,3 81*9 80,1 77, I 72.8 69*3 86,4 63*8 81,5 80*6 87*5 55*q 8_,1 3_,5

16.78 87m0 _L_*6 88*5 A3.7 8].8 _0.O 77=_ 7_.fl AQ. 5 AA_R _m_ 61,7 8_,_ R7 /. qlg_3 qt___ R') R
17,00 86*9 86,8 85,5 fl3,b 81,7 70,<) 77,4 73,3 66*7 86,7 86,1 61,8 50,7 57.R 88,_ 55,t_ 5_,_

17,58 88*6 86,2 85,L 83,8 81,6 76*8 7fl,I 73,7 7{),8 87,0 88,4 62.D q0*g 58,9 88,? 8_,6 8"_,1

IB*00 86,5 86*0 _B4,8 83,1 81,4 70.6 78,0 74,3 70,4 67,_ b4,7 62,3 60,2 58,2 _8,5 8_,8 8"_,3 D-_5
.....................



TABLE 10D

TAKEOPF EPNI, GRID VALUE SET A4

CUERENT FOUII ENGINE AInCRAFT

Dist. From . ,S_I_.DI_CE (MILES)
Start ofT/O

2.00 114.0 1tl.6 IO6.q lOl. I qT._ g3.R gl._ A8.7 6_._ 85,_ q'_.4 _:,.n Rn.q TO.6 7___ 17._ ?_._
2.25 I12.6 llO.q 107.6 I01.8 q7.6 q&.2 ql.4 69. I 87.[ 65.4 q3., 82.4 6l.I 79.q /,.A 77.q, 7_._

___._./j_'iQ_lL.5 110.1 ICLy.4 16_.5 8a..n q4.8 qi._ 89_ee _7,.k ,_.7 q'_,l 82.-7 nl.l, q_._ , vQ t _n._ "t7 i
2.75 I].0.4 LO0.2 LO6. B _03. ]. (}6.tt 04.9 q_.] 8t/.7 R7.? 65.q (14.f_ 6_.q 6_.6 68.8 7r;.t_ 7_. _i 77.% d

86_)_ _0_.(3 _.07.6 _0_.8 _.0"_.3 I)_.4 05.6 q_.6 98.2 66.? 66.4 64.8 8_.4 6_._ q_.O 7q._J 76.8 77.6
4

3.75 107.1 L06.8 lO_*_) !.02.4 _.83.8 96.6 q3.2 q0.7 86.6 86.8 65.2 6_=6 8;_.6 AI.3 68._ 7:).I 76._

4.25 I05.8 L04.8 ).03.6 101.8 9g.4 87.4 63.6 _].2 R9._ H7._ 85.6 64.| 62.8 qL.5 tiC).'; 7:I.q 78._

4,78 104.0 1.03.6 1.06.3 LOO.6 08.7 06.9 q4.3 gl.7 89._ fl7.6 88.9 8_.8 83.1 B_.9 68o6 78.7 7fl.q

q.oci to1.4 lO_i.o i_lt.7 I0_.1 ,#fl._. q&-6 9 ¢;*(1 q).n qc) ? _"__R q_,.1 _lt.__. "n:_.q q_.1 Ri'l.. _ e_ '_n o 1
5.25 ].02.7 102.3 101.2 ')@.'t 9B.D 96.4 94.8 92.3 69.9 67.0 66°3 6_.8 8).4 • 9:_.2 61.I _C).8 78._

..... -5 • 5 Q-_LO2-*Q__lJ] L,_LIQ O_ 6 qq,_ q 7-*_----.96,.L_--.9 ;, _l, Z-- -]0_ ? FUS,I ._4 8#:q n_ ;--..j2 _ _ _ ¢3:! __?
5.75 101.3 LOL.O IO0.L 96.8 9r*_ 96.8 q4._. g3.O _{}.5 80.4 "_.6 _5.1 _3.7 _2.4 ql._ 6_.3 "[_._

6.28 |00_1 89.8 9_.0 qT.q 96_6 06.3 93°9 92*6 91.4 88.8 87*0 86.4 64.0 I_.7 81.8 , 8_.8 . 7q.A

6.75 g_.O 08.7 qS.l gToL _.0 94.7 93°5 q2.3 _)l.I 89.1 67.4 65.7 84.2 fl2.9 _|.F; _'1.7 . 7c).7

7,85 97,9 07,7 _7,2 Q8°C) _6,C) q_,_ q],8 91°Q _8,8 fl9.7 67.8 85,_ R4°6 R_._ 6_,_ 8_, q ?_,_
- .... .'t_Q___9"_*§__ _�Zo.3.__9_7__95._9.___q5..___�l..8__92_P.._I_.___Q. 6 Rq.P. _n.a .._ q .&_7 9_,3 6_:_ a_ '_ nn '_

7.7§ 97.0 gb.8 96o_ q6.& 9_..6 93.6 q2.6 01.5 qO.4 89.4 l_fl.8 66.8 fl4.q I%3.8 8;_.2 _l.l. _q.l

8.25 96.[ 65.9 65.5 q4.8 qt..O 93.1. q2.L ql.L 90.1 89.1 68.2 67.6 88.Z' 83.8 82,_ 3L.4 69._

8.75 95.) 66*| 94*7 64*[ q_*4 62*5 9L.6 ,.ql_ 7 B_*l] 88*@ 6fl*O 87._ 68.4 _f_*| q;_.fl 61..6. 8D..q

q*25 94.6 _.4 94*0 93.8 9Z.8 92.0 gl;2 g0.3 Bg._ rIR_b 87.7 _6._ Ab*_. q_,4 66*1 r_],q q_._
q,80 gz_.l 0/%,.('1 q':l. ? O_._ q,;*q q].R g_l.q qr%.l Rq.:' FIR.4 _'?. _. R,',- " R&.r_ Rq._' n__'_ _;'_. ") q_-_
9.75 9_.7 <)6*6 ¢)_*] ' 82*8 q_*2 .19].8 q0.7 R�.q 8_)*I' 8"8*Z 67o4 %(._.'f_ 6_*q qq*l R_.A _2*2 .61*')

.,..... I0.0(_-.3)._t __9].3__..93oO___97-*__.__�L_9__9/-.Z__.90_5.__.7 -6_9 fl_./-.---.K_-,, 8_._5------65-_I "q-" n'_.r, n:'.'_ n1._
L8.28 93.8 (_.9 02.7 92°8 9|.7 OI.Q q8.3 89.6 86._ 87.9 67°2 6'6;W 86_7 Bt_*g 84.; _ 6;_.°t* 61._

. I___--J.O.,.§ O_ _.9 ?., 7 .--9;[..6. 9_.3 _ __._LL�__ -9/._._ 9B.dL__.9/). 1 fl9,3 6B.h ELT.n _?.n J_,. "_ RK.q Rf..R rt&.l f_.q .T.6

i L0.78 9Z.4 62.3 _2.0 9|.6 qL.1. qO.5 89.6 60.1. 8{].4 87.6 .6_%._ 86.2 85.4 q&.'f _4._ R_. _; ,l.q

_._._5 9 ]..'_ 91..7 91.o4 g).•_. 9_o0 gO.O 89°4 6_].7 86°6 87.'_ 66.f_ 85.q 66.2 8(*.6 R'_._ {t3.7 61.7

L1.75 9L*[ g_*L go*g gO*8 g3*1 89°6 8q.O 88.3 q?.T 87.0 66*C) 85*7 85*_) S_°3 A'_*7 6_*I A?*_
1500 9_.3__9_. 8 %0.6 qO,_ __83_.8 89.'_ RA._ fiB..? P_L,5.--._ h. 9 fib.? 65.¢; 6 t*-q _'-_ n___. q_.') ct"__ ,.
L2.25 90*6 90*5 gO*3 g8*O 89.6 fig*1. 8i6*b flfi*O B;*3 86*7 86*I 85.4 64.8 8(_.1 .63*5 _;_*"_ 8;_."_
|2°_0 00.1 qO.2 qO.O Rg.8 Bg._ flO,9 8P,_ 87.8 87,? Bh.6 flS.q q_-_ .A.? _,.n n___, _.q _.)
].2.75 9O.O g8*0 89*R 89°8 B_o| 66°7 86.2 67o6 67.0 ,F..4 68.6 65°2 66.5 86°9 R3.'_ 82*7 _:_. :_

13°25 89.6 89°4 8q*3 Bq.O 86.7 86.2 87°8 67.2 86.7 8F..I 88.5 64.q 6_..3 83.7 R6.1 B_o6 8;*.3

1_°75 89.0 88°q 88.6 68o5 69.2 87°8 87o_ 86.r4 6fi°3 88.6 65.2 84.6 B8,I q].8 62,q R:_,¢, ql)R
14.OO AB.7 88°7 88,6 88,3 BB._ 87-6 fiT,? Aft,7 q',._ B_._, ._.1 _z,._ B_,_ '_ '_*_ n___ . :'. "_ _) e
16, Z_ 88,,5 86,,5 88.3 68. L 87*R 67.4 BT.O 66.5 85,0 85.5 R4og 8_.4 R3.8 83.3 67,7 q_,_ 81.7

,_.4* 75 88.0 86.8 87.g 87*& 87°4 87.(] 8.%°6 86.2 66°7 8_o2 6_..7 84°1 R9.6 B_°l 62.5 q2.C). 81.5

|5.25 87.6 87.5 87.4 67*;_ 87*0 66,6 86.2 85.8 86.(. 64.9 8&.4 6'_,_t 63.4 92._).. 82_6 .8|..q...q1._

L5.50 87.4 87.3 67.2 87.0 86.8 6_.4 8_.I 65.7 R%2 8_..7 64.3 8_.8 6_.3 82.B _2._ _E,? 8t,_

16.00 86.9 66.9 86°6 86.6 85.4 86.1 85.7 85._ 6(..9 84.5 84.0 83.'; 8_.0 _.5 R7.1 .B_.6 RL.I

L6°50 86.5 86.5 86.4 66.;_ 88.0 85.7 86._ 85.0 At_.fi 84.2 6"_.7 63.3 62.8 _.6 RI.:) ill.'* _._

i 17.00 86.1. 86.1 86.0 86=8 86.6 66°3 86.0, 64)7 84,3 83.9 63.5 R_.D R2*h q2*1 61.7 .Ah_ q'_o?

17.50 85.7 85.7 85.6 66.4 85.2 85.0 84.7 6_.4 84,0 83.6 63.2 62.6 82.3 AI,q AI,_ 8L.C) 63._

16.00 85.3 86*3 . 85oZ 86.1 8&.q 84.? 84.4 64ot 88.7 83o3 62.q 6_.o8 R2oi 61.7 81o._ fl_.8 4'._ D-2_



TABLE lID

TAKEOFF EPNL GRID VALUE SET B4

CURRENT FOUR ENGrNE AII_CBAFT

Dist. From
Start of T/O

___ Roll (Mile_1 --. SZZ_LZNE DZ_ANCE (MILES)

2.(3(3 riB.f, II;J._ INt,.(_ Qc).7 q&.Cp q_.#. Aq-Q 97,7 R=;-7 n/..q q_._ A1-1 7n_R 7r_.7 77 r'. ?/, 7 T'_,T
2*25 116,5 112.8 105.3 100.3 95.4 93.1 90.5 88.1 qb.l 85.4. 82.9 81.5 93._ 7").1 79.') 71,3 7,,.)

2.75 113.8 111o5 107.1 101.2 97.2 93.3 93.l 80.0 85.A 85.3 83.5 R:?.I 8_.A 7"). _, ?_._, 7_', ', 79_

3,20 111,8 L10,3 107.5 102,2 91,9 94,4 91.7 89,3 87,3 85,5 8_,,0 92,6 RI,_ _,! 79.1 79_ 77.1

3.75 110.2 10_.1 10_.7 103.9 9B.5 9_.9 92.1 89.8 97.8 86._ Fit.. 4 _3.r) AI.7 93.5 79.', 79._ 7_._

_,2§ 108,8 108,0 105,8 103,4 99,3 95.4 9_,6 90,2 38,2 96,4 _&.R R3,& 92.9 93,9 79,7 7_,I 77, q

z.,75 107,b 106, ¢_ 104,9 102,.8 103,3 96.0 93.0 90.'5 _8.5 86.7 85,1 H3,7 ._,_ _1,_ ) _0.1 79,3 79.*.

5,23 106.3 105,7 104,i 102,1 93,8 0(=,7 _3.z_ 90,_ 88,A 87,0 95, _" _,q R;), =_ _1, c. AO.'_ 79_ 7.%a

5,7§ ,105.1 _.0_,. 6 10"_. 3 101,3 99.3 97.3 93.9 91.3 69.1 87.3 95.7 R_,.2 AY.9 91.7 90./_ 7c_,8 79._
6,0_ -£Qk_Ja---/Ok_J.--/OZ_--_l,O-_--9_=p e= _ __9_99 _ qI±5 P,._,3 92o4 _5.._-----R/*.3 P,-3_._ K,Lra P,£_/---Z,%,_.-- 7R 7
6.25 104.1 103.7 102. _, 100.6 98*8 96,9 98.6 91.? 89._ 87.5 85.q FI4. _, A3._ ql.8 Ag.R ?%7 7A,q

6o75 103.1 10;_.7 101.5 99.9 98.2 96.5 91*.9 92.Z 89.8 87. r_ _l_._ a_,.7 8"4.3 rl_., 1 q_.3 79c_ "_:). '_
.............. _'_00-.--.L02._-6-_02_2- .--I0/_/--.--99_,_----g_0-----96.3____g t,,8 _92_4*_.___q0,n 8n:0-_6, 3 _FI ft __-_.--- 5_ ? FI._.__.1. o_., ,c_ !

7.;._5 102.0 101.7 100.7 _8.3 97.7 96.1 W_.6 93.2 98.2 88.1 86._ R_,.q R'4.5 q_.3 81.2 8:1.1 7r1.1
..........7_LD__IQI,5_.J.O/,_ 101_,2.__-qK,-9___93-._. _,.o _,',_._---93.J._S.J,-----a.93 86= _ n,: _ n'x ,. n:, _. n l:'* ¢,'_ ", _n

7.75 101.0 100.7 99.8 q8.6 97.2 95.7 9_,.3 92.9 90.6 98.9 86.7 05.1 03.7 82.5 RI.C, 83.'_ I:_.3

8,_5 I00,1 99,8 9_,0 q7,9 95,6 _5,_ 93.9 92,6 91,6 88,H _7,0 R5,4 8¢,°0 92,7 81,8 93o5 79oG

_,7_ 99e2 9000 98,3 07,'_ 95,1 91_,9 93,6 9_,_. 91,2 _9,1 97,_ 95,6 0¢,,2 82,q 8],'t R_),_ 79.7

q*2§ 98.4 98.2 97.6 c/6,7 98.e cJ5.4 93.2 92.1 q0.9 Ag.q 87.6 AS.q 8_,. *. q].1 _1.q ¢_').A 7_.q

9.75 97.7 97.5 96.9 96.1 95.1 _4.0 92.9 91.fl 90.7 A�.& R7.R 86.2 8_.. (_ 83.3 92.1 ql.3 q_.n
_____10..00 -9.7...____�Z.I--._9_.6__.95.B._._9__9__.91._._,_Z. 7__91.6 90..____P.-9.-8 8_.6 8_'_ R4-a n'_._. :_'_ "_ 81.t '1"_, "_

10.25 96.9 q6.B 9_.3 95.5 95.6 93.r_ 92.5 91.5 90._, H�.t* 98.5 0f,.5 8_.9 _.5 ,_.'_ _I,1 _.1

10.73 9b.3 96.1 95.6 95.0 9(,.1 93.2 92.2 91.2 90.2 89.2 8fl.3 R7.t_ R_.;_ 93.7 A;_.5 _1.'_ A_._

11.25 95.6 95,5 95.1 84.4 93.6 92.8 q1.8 qo,q 59.9 99.0 93.l 97.2 85.4 _t_.3 92.7 91.q ,3.¢,

11.75 95.0 96,9 94.5 93.9 93.2 92.4 q1.5 90.6 89.6 88,8 87. c} R7,O 86.2 A_.2 q_.:) 81.7 8"_.5
lZ=00 94*7 .__ZL=_ 94.;_ q]**.7___ q_.D 92-_ c)1-'4 q0,4 89___B._,_ R7_R R_._ n*..I nt,.'_ =l_t."= ,_ _ ,_. _*
12.25 94.4 9_,3 93.9 93.4 9_.7 9Z.0 91.1 90.3 8c_._ 88.9 97.7 86, c_ A&.I 94.¢ 3*s.I RI.n 899
1:1. _JO 9_.[ 94.0 93.7 9t.2 q_.'_ ¢)t.R c)n.q q11.1 Rq._ RR.& ¢17_f, A&.R RA_ r't a_._ _"_l,"I 9;_, '_ _n.9
IE.'/5 93.8 93.7 93.4, 92.9 9Z.3 91.6 90.9 90.0 89.1 8;I.3 _7.5 8_,.7 85.q q_.l A3.e. R?.t 81.n
_,_L_)0 93.6 93_.5 93.2 92.7 97.1 qt._ qO_,& Rq.R R_9._ AA.:_ A'__4 3_,L Re;_r_ m_ 1 q'_.& q:_ :_ 91.1
13.Z5 93,3 93,2 92.9 92.4 91,9 91.2 90.4. 88.7 88.9 88.1 87.3 R_.5 85.7 85,3 83.t_ q2.3 81._

_..j,_j_O 93.0 92.9 92.7 92.._ 91.7 91.0 90.3 89._ /_A.7 R?.q 97=2 R_,.& Rq.7 _t. c_ n& :' ¢_.% q_.t
13.75 92.8 92.7 9_.4 92,0 91*4 90.8 90.1 89°_' 38.6 R7.FI fl7.1 8_,,3 85.6 FI_., 8 8_,2 82,A 81*'*
14,.00 92.5 92.4 92.2 91.8 91 ._ ¢_[3.,% R_.@ Rq.;' qR.¢; R?.? R/,-¢I R_.._ R_-_ nt=._ D_. I =1"s ¢ ¢11 ¢:
14.25 92.3 92.2 91.9 91.5 91.0 90.4 89.8 89.1 FIR.3 AT.& R_.0 85,1 85._, 3_,.7 q_.9 A'4._ _T._

15.25 91.3 91.3 91.0 90,7 93.2 89,7 99.1 Bfl,5 87.8 87.1 86._. Aq.7 85.1 A_._ A_.R R%t AP'5

15.50 9l,.1 91,0 g0o5 90,5 93,1 99,5 fl8.9 88,3 87.7 87,0 86.3 95,6 Rq.3 8_,3 fl3,7 {]'_, [ R_'.8
_.),_75 90_9____90j8 qt1.& 0ri.3 A:).q Rq.& AR,R R_,? 87,5..----86,q q/_-:_ R_._; R&__ n_.__ Cx'_ _. q'_.,_ q;_ f.
16_00 90,7 90, b q0,4 90,1 89,7 89.2 8R,b 88,9 ST°t+ 86,8 86.1 85, t, 8Z_,R Be,,2 93,'_ 8_,_ 8P._

L6,_0 90*2 90.2 90.0 89.7 8:).3 88.R RA*3 87,7 87.1 86,5 85,9 R5._; R'_.& 84.0 A3. t* 87.q 92.?
1f_.7_ 9O.Q qo.o Rq.A Aq.5 A_).I 88.7 A_l_.;' R?.& A7.f_ RA.4 R¢_.R R_._ r]_,.K Rq._) q'___t _:_ ? n9 "_
17,,00 89.8 89.0 89.6 8%8 8:1.0 88.5 88.0 87.5 86.9 96,3 85.7 85.1 8_.=; B3.R 93.3 R;97 R?.I

_.7._0 ' 89,4 89,4 89,2 99*0 88.b 88,2 87,7 07.2 86,6 86,1 85.5 8"_,q 8¢,.3 93.7 93,1 q2,_; 9_,_

10,00 89,0 89,0 88,A 88,6 851,3 87,9 87,_* 86,9 86,5 05,8 09,2 8_..7 84.l 98,5 R_.0 8;_,t, 9T._ D-2_



TABLE 12D

..................................... TAKEOFF EPNL GRID VALUE SET C4

CURRENT [:OUR ENGINE AIRCRAFT

" DisL, From
Start of T/O

___ RO!L,(MII_.) s:_.rm_ DZS_,.CEI,_._S},
........ 0 .... I/_ ...... 1/2 .__A/4. _ _ I. [_ i(___.1_ I_2 Z. 3/6 ...... Z Z._I/__ _2_.222--._3L___I-3__A_-IJL _ Ill---_-A]J, .... '*--+

...... 2.00 125.5 110.4 102.7 98.2._ 9£1_ OL,] _R,7 86.5 RZ,.A 82.o ql.4 a_.t 7n_rz 77.7 _._.'7 ?_ ? "7 _. ¢_
2.25 122._ I[1.8 lO3.b 99,q 95.2 ql.q 8q.2 87°0 88oi 8_,4 81,q R').5 7qo_ 7R.? 77.1 ?8,1 7_.7

.............. 2_,_Q__119.__. L12,%._10%2___%5. 95,7___92..6 ._89,7_. B7_,.*_ .._15,.$__._83. B__.9Z.____8_.9 7._.7_79_5 7-7.-5 7&_5.---_5-
2.75 117.9 113.2 106.8 99.0 98.1 92.8 90.[ 87.8 85.q 84.1 82.h 81.Z qS.n 7q.q 77oq ?_.q ?_.n

3*25 115.2 112.2 106o0 100.7 98o8 93.6 90_7 AR.6 r_6.6 06.7 83.2 81.8 83.8 7q.2 78._ 7T.? 7_._
_+80 ] 14j_..l[1.8 Ifl6.8 IOl.l 97.1 93.7 91_t0 _.7 Rfl.7 R4.Q R_,(t Rp*rP _f3.7 7'3.G 71_. _; "_1 g "_._
3°75 113.3 111,3 lOfl. O 10_*4 97,3 9_,0 qI,2 88.9 85.9 85._ 83*6 8_,_ Rrl. O 7_.7 78.7 TT.h 7_,7

4.25 111.9 110.3 107.5 102.2 9r.B 96,_ q1,5 89.3 87.3 85.6 88.0 82.8 81.3 n_,l 79.0 ?_._ 7_'._

6.75 110.6 109.4 10&.9 103.1 9_.3 9_.8 92*0 _9.7 _7.7 8_.q 8z_.3 82.9 _l.h 8%6 79.3 78._ 7_._

5°25 109,5 108.5 106,3 103.6 98,9 95.2 92.3 90.0 RAoO 86.2 84.5 83._ 81.9 8%7 79.6 t_.h tl..,

5.75 108.5 107.7 105.5 I03.2 99.5 95.6 92.7 90.3 88.2 86.8 8z..q 83+_ B_.l q_.q 79.8 7%8 77. n
............ boO0 10_.0 gQ7.J_ |05t_103.{_._.0_m.6 9_O.__gZz_]__JQ._._8.!____5.6.__BS._- 83.6_ 8_.3 --_L-J_ 78.7 7__8 79.'!

6,25 107.6 106.8 106.9 102+7 103,3 9h.O 93.0 90+6 Rfl.5 fl6.7 85.1 83.7 q?.8 81.? 80.1 7%_ 78.r

b.75 lObob 105o9 101..3 I0_.2 93.9 qbo5 93o3 90.8 88*7 Rh.q A8.9 83.9 8;'.6 81._. 80o3 7)._ ?q._

7.25 105.6 tO5.0 L03.7 101.6 9_+5 97.5 93°7 91+t 89.0 87._ 85._ 86.1 8_.8 ,I.5 8_._ 7_.'_ 7_._
........... 7.50.._ 105,?._..LO_.,.7__LO3,___LO.I,.__.__gZ,.3 9_.___92..9._3___9.1____Z.3___85.b__8_-_ '_:_-_ ,_ .L___an.q ___ _ _'Q:L

7.75 106. B 106.3 10%0 laid 99.1 97.2 94.1 ql.6 89.2 87.6 88.7 86.3 A3.0 _1.7. 80°6 7%6 _8._

8.25 106.0 I03.6 ]02.3 [00.6 q8.7 96. q 96.3 91.7 99.8 87.6 8q.q R(.°_ 83.'L _1.8 _£).8 7%8 7R.q
..... 8 LS_O__._03_, _h___1Q_* _ .._10 _.. Q__LO Q, _ 98.5 9_J]--__ _5, I 9_J 9.--..._9 • 5 _Z.]_.O fl_.6 f13. > r__n n,%n ?a n 7a.__

8,75 I03.2 102.8 I01.5 I00.0 98°3 9b.6 q5*o 92.1 FIg.7 87. fl 86*I 8_..h 83.3 87.I 81.3 7Q.q 78.:_
........... 9.,_0p__102_.8__..102,___101,.}___B 9_L,_I__,__ 9%._,_2_._9._ q7.___!/).L__E_.L_L1.t. 97.? = 8I.n q_._ 79,q

9°25 102.& 102.0 100.9 99.5 97.9 gb.3 96.7 9_.4 90._) 88.0 85.3 86°R 83.5 q_._ 81.1 8).1 7q.I
9.50 102.0 101.6 100.6 . qq.2 97.7 q_.l 94._ c1_.2 qr)._ _8.1 R6.4 qt_.O _.q _.'_ nl-_ q_.l "/a.p
9.75 lO[°h 10_,3 100.3 99°0 97.5 c)b°O 96.5 93.1 90°6 35].3 86.5 8_.8 83.5 82.4 81.3 8_,P _q._

10.25 100.9 100.5 99.7 98.5 q7.l 95.6 96.2 92.9 q0.6 88.5 86.7 85.2 83.8 q2.8 RI.6 83.1 7n._
......... 1.0.50__!99-_5__Lo.0..2 9%_ 98,2 9__tq_ 95,_ 9%1 o2.8 _,6 _.7 8_8 88.L_9 _?.h _l._ 8_j, 79,8

[0.75 I00.I 99.9 q9.I 98.0 95.7 95.3 94.0 92.7 91,6 " 88.8 86.q 89.8 83.q 8_.7 81._ aO.8 79.8
1_. O0 99.8 99.5 gR._ 97°7 qS.8 q_ 9"4_ 92.8 ql_ _qatl RTa] nS._ 8 _'-f_ q_.R q1./_ 8_.q -_r_. _
LI.25 99.5 qg.2 98.5 97.5 9_.3 95.0 98.7 92.6 qI._ gg.I 87.2 88.5 _.1 87.A 81.7 R_._ 70._

11.75 98.8 9B.b 98,0 97.0 95*9 96.6 93.6 q_.2 91.1 c)O._ 87;_ fl8.7 86.3 83._ ql.8 8_.7 7o,7

12.25 98.2 98.0 97.4 96.5 95.5 9_..3 98.[ q2J) 90.9 89.8 87.7 86.0 _4._ 83.1 ql.q R_.q 7o._.
12.50 97.9 97°7 97.2 96.3 98.3 96_.2 93.0 q1.9 9f).R 8q.7 87. R 8_.I 8;.8 _.2 _.r_ 8_.Q 7q.r_
12.75 97.6 97.4 96.9 96.1 95.1 96.0 92.9 91.8 90.7 89.6 87.R Rh.2 8t_.5 88.3 82.1 ql*O 99.9

13.25 97.1 96,9 (;6.6 95._ q;.7 93.7 92.6 91.8 90.5 8%8 88,8 8_,._ 8_.8 83.8 R2._ el.1 9%1

13,75 90.5 96,4 95.9 05,2 94.3 93.4 92.3 91+3 90,3 89o'_ Aft.6 R_.5 R$.l 93.6 82.4 _I,2 99._

14.00 96.3 96.1 95.7 95.0 9;.I 97_.2 q?_2 9|_ 9n.2 8q_ 88t3 87_ _5._ a_.7 _7._ ql_'_ _.3
1_.25 96.0 95,g 95._ 96.8 9;.0 93.0 92.1 ql.I 9_.1 _9.1 88._ 87.3 83.3 83.8 82.8 81.k 83._

14.75 95.5 95.6 95.0 96.6 9_.b 92.7 91,8 90.8 89.9 89._ 88.1 87.7 R%t. _;.D 82.7 81,8 R_.8
[5.00 95.3 95°2 96.R 96._ 93._. 92_& 91.7 gO.7 8q._R 8A.q _St.D 87_| _._ _§.1 . n_.q 81._ r_'_. _
15.25 95.1 96.9 96,_ 96,0 93.2 92.4 91.5 90.6 89,7 88,8 87._ 87.1 86.? _;.2 q2.q fi1.7 R_,h

15o50 96,8 96.7 96.3 93.B 93.[ 92.3 91.6 90.5 89.h 88_7 87.8 87.0 8f_.2 q;.3 ¢_3.5 81.7 83.6

16.00 96.6 96.3 93.9 93°/* 92.7 91*q 9]ol q0.2 89.4 AAo5 87.? R(_.8 R_.I Rt*./* 83.1 81. ¢) =t_.q
----L_.Z_ 9_._.__o_--.-_,r 91,2 9_ 9_,_ 9L.n___,_ e_-.._ 8L,. _t._ __.R ._,n q_._ ,_,_ _P,_ _,_ l_J

ib,.50 93.9 93.8 93.5 99.0 9_.6 91.6 qo.R qo,o 8q.2 88,3 87.5 B6.7 85.9 8_.? 93._ 82.1 _3._

t6.75 93._7 93.6 <}). "_ q_.8 92._ 91._ 9_.7 ro.o _c}.i _Q-7 RT. tt _..6 8E.O _g.I n "__t. q'_ _ _1,_ .,
17.00 93.5 93._ 93.1 92,9 9_.0 ql.3 q0.6 89.8 89.0 88o2 87,6 8_,h 85.8 8%1 f;3, t* R_,;' _1,1
IZ_28 9_* 3__ 93.2 9Z. 9_J2.5____gL. q 9±.? 90..5 89.7 _B_q _R.1 n_._ n,,.8 __;,._ 8q.n ,_•..', ,___ _i ._
17.50 93,1 93,0 92,7 92,3 9L,7 ql.l 90+3 89.6 AS.A AR.8 87.2 8_,4 88.7 88._ q¢,_ 8_.'+ 91._

[8.00 92.7 92.6 92.t* ql.9 ql.6 q0.8 O0.l Bq.3 88.6 87.fi 87.0 86*3 8_._ q_.R 86._ 97.8 81o'+ D-



I

TAKEOFF EPNL GRID VALUE SET D'l TARLE 13]

I CURRENT FOUR ENGINE AIRCRAFT

-- Dist. From

Start of T/O SZ_:I,G_ I_sm-_JioE (K[LES)
-- Roll (Miles) -- :

O I/6 l/? _t/6 ] 1 I,'6 } I-[2_ ? 3LL-- ___2 I/4 _ lip ? :_f6 _ '_ II_ • J_ 3 3]3 %

2.0{) 13#*.7 108.4 100.8 q_.'_ q;_.q _q.R 87.; _ R_i.? .q"4."4 81-7 R_1 _ 7A.Q 77. A 79.7 7g _. 7'_ ? 7_,') i)
2,25 IS�o§ I09. (* I0|.9 97,6 93.9 90,7 89.1 88,9 96,1 87,6 88,q 7q,f_ 79.¢* 77,3 7h.I ?5,7 2',._ q

:_._cl I_.:L Iln._ in_.n qfl,? 9_L._z_.-.._.L_3 8a.? _/z. 8 8_.fl a,?._9 RI_ _t0.1 7_._--.,-/J,7 7-_.7 79 7 73 A Ii
2,75 122,0 111,2 103,6 98,8 99,L 91,8 89,2 _]6.q 85,.q 8_,_ 81,3 0%3 79.2 73,1 77,1 76.1 yc._

3.29 ITS.8 113.6 t06.8 99.7 99.q 92.6 89.9 87.#. 85.7 flS.0 82. ¢. _tl*l 7q.R 73.7 77.h 76._. 7%7 i

3.75 116.2 112.7 105.6 tO0.6 95.5 93.2 90.5 88._ 86.2 84.5 82.9 ,1.9 8').3 79.1 7,.'_ 77.3 _6.1

6, Z5 l L6,, 5 111,9 106,6 101,0 97,0 93,fi 90,9 88,6 86,6 fl6,9 83,8 8J,q 8')°7 7_,_ 78.& 77,6 7&.3
__ _0 11_I.7 LLL,_5 107_l 1fl-I,_%-...--97,2_9.3_9--.-//L,1 SK, I_ 8(_,___85,J._.83_5__2,1__ _q,_..--2__._7 2.S,d,_---_7..2___A..__

6.75 113.0 tlL.l 107.9 LOl.b 97.8 qS.t _1.3 89.[) 81.l) 85.2 8_.7 8_.3 81.:T. 7_._ 18._ ¥_.1 7_..n

9.25 t I. ].. 9 ttO.3 |07.§ tO_._ 97.8 94.6 9l._* 8q.3 87.3 85.6 86.0 8;_,fi RI.'_ 8%1 79._ 79.3 ?_._

5,75 tlO,8 tO9,6 IO7,L L03,0 98,2 96,7 91.8 89.6 87,6 85.8 86,_ 87,8 Slo_ 3"}, £. 7q.% 79.7 77.:1

6o2E _09.9 _09o8 _06, S _O3*S 98,7 95.(_ q?,2 89o9 s7,q _6,1 84,8 83,t 81,8 _'),5 7q,3 79o_ 77,_

6.75 109.O t08.2 105.9 103.5 9_.1 95.6 97.5 qO.t 88.1 _16.3 86.7 83,3 92._ 8').R ?q.7 7q.T 77.?
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IS,25 98,0 97,8 97.3 96,¢* 9_,8 96,_ 93,1 91,9 90.fl 83,7 87.7 88,0 86,_ A3._ 82.') 8_,9 79,0
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I0,25 [06,3 _05,b 104, I [02°0 _,0 96,7 c)3,_ 90,q A8,A A7*D 85.4 A¢°O R_o_ A],_ 00,_ 7_,_ 78,_

__10,_50 105_q 105.3 10_9 101,___99=_6 9f_2 93,6 °J_O...-_B._--BZ,_-J5._._3.O--BZ./--ql.3 q,%.% 7_._', 7%5---
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11.23 10§,0 lO_*5 103.2 • [0[,3 qFi.2 97.3 q_.O 9l,_ Aq.[ 87,Fi 85,7 At,.2 A2.q q]o7 An.& 7:)°5 70,5
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_ APPENDIX E

m

SELECTION OF APPROPRIATE TAKEOFF NOISE CONTOURS

ON THE BASIS OF RANGE

Thls Appendix providesan alternatemethod by which appropriateEPNL con-

tours can he selected on the basis of a forecast of operating ranges of an aircraft
rather than gross takeoff weights. If n forecast of gross takeoff weight informs-

_' tionisavailable,theprocedure given inAppendix C ispreferable.
!,

Allrange informationInthisAppendix Isgiven interms ofequivalentstillair

'_' distances. The presence of headwinds or tallwlndabetween any two citypairs

'' must be considered. Additionally,aircraftdo not always refuelatevery stop on

any particularroute. Insuch cases, itwould be more accuratetoconsiderthe

,., range to the next fuel stop rather than the range to the next stop. A distance of
100 miles shouldbe added for each intermediatestoptoaccountfar theadditional
fuelrequirements associatedwiththe takeoffand landingoperationatthe inter-

,,, mediate stops.

k_ While thereare many combinationsofenginesand payloadcapabilitieswithin
the category of four engine commercial jet transports, the perceived noise levels

_ for any given range fall rather neatly into two classes. The first class includes
i, allthose aircraftpowered by turbojetenginesand allthosewhich are designed

primarily for domestic operations. The second class includesthe intercontinental
jtJ

,ffi, turbofan-powered aircraft.

,_, Figure 1E shows EPNL relative to the level occurring during takeoff at maxi-
mum gross weightand ata distanceof20,000 feetfrom brake releaseas a function
of range for the variousfour enginejets. These carves ofrelativeEPNL are based

:-' on the data inAppendices B and C. With theexceptionoftheaircraftpowered by
_- the ROe 12 engine and by the JT3D-3B engine with long fan discharge ducts, all

aircraftfallintoone ofthe two classeswithvery littlescatter. Itis notantlci-

pated that either of these aircraft will account for n sufficient amount of traffic to
- merit specialevaluations,

The curves inFigure 1E are based on a fullcomplement ofpassengers and their

baggage, fuel for long range cruise operations and normal fuel reserves. There
will be variations from these curves for different aircraft operators as a result of

- differing interior configurations, fuel reserves and operating policies. These

factors will not have a major influence on noise levels.

E-1



There are two factors which should be considered in this part of the analysis.
These are the addition of cargo on passenger airplanes and all cargo operations.
In the case of passenger aircraft, if it is anticipated that both a fult passenger
load and maximum cargo capacity ks utlllzed, a correction factor is required,
This correctlon factor may be conveniently Included by adding up to 500 miles to
the flight range, depending on the degree of loading, Because there is generally
a difference of no more than 2 EPNdB units with a 500 mile range increase, this

correction technique should not introduce any appreciable loss in accuracy.

In the case of all cargo operations, payload accounts for a much higher per-
centage of gross takeoff weight and the selection of an appropriate noise contour
set by range becomes more difficult. A current four engine jet transport in an
all-cargo operation will reach maximum gross takeoff weight at a range of only
2,000 to 3,000 miles with a capacity load, If gross weight data are not available,
an appropriate correction for an all-cargo operation can be estimated by increas-
ing the actual range by 1,000 miles and using Figure 1E,

Figure 2E combines the data from Figure 1E Into two classes of air_raft and ' '
adds a step function indicating the noise contours to be used for a given range. ,-,
The contour designations refer to those noise contours given in Appendix D for ,,
four engtne jet transports. Table 1E tabulates the information from Figure 2E I.

and can be used to select tile appropriate noise contour for any operation.

In the case of aircraft powered by the JT3C-7 engine, noise as a function of

range can be approximated by using contour set C4 for ranges up to 500 miles,
contour set D4 for ranges from 500 to 1,000 miles and contour set E4 for ranges
above 1,000 miles.

Information similar to that for four engine Jet aircraft has been developed for

two and three engine jet aircraft, Figure 3E shows the relative EPNL*s at a dis-
tance of 20,000 feet from brake release as a function of range for two and for
three engine jet transports, These data are also for a 100 percent passenger
loading with baggage. The primary reason for the spread within each category is
the difference in weight between standard and extended fuselage lengths, This ef-
fect was Included in the four engine data bat was overshadowed by the differences
is engines. Because the differences are not large a mean line has been drawn for
each category to represent the aircraft in that category. This mean line was used
to develop the noise contour set selection data In Table 2E. The noise contour
sets listed in Table 2E refer to tile appropriate contours of Appendix D for two and ""

three engine jet aircraft,

Two engine jet passenger aircraft carrying extra cargo may be accounted for by
adding 300 miles to the range. For all-cargo operations maximum range should be
used. In the case of three engine jet aircraft these corrections would be about 400 "_
miles for passenger aircraft and mmximmn range for all-osage aircraft. .
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'FABLE 1E

CURRENT FOUR ENGINE JET TRANSPORT AIRCRAFT

APPROPRIATE NOISE CONTOUR SET AS A FUNCTION OF RANGE

STILL AIR RANGE
0-1500 1000-2500 2500-3500 3500-4500 ABOVE 4B0(

(NAUTICAL MILES)

TYPE IAIRCRAFT

ALL TURBOJETS B C D E E

AND DOMESTIC TURBOFANS

,,i

TYPE IIAIRCRAFT

ALLINTERCONTINENTAL A B C D E
TURBOFAN AIRCRAFT

NOTE: APPLICABLE TO PASSENGER AIRCRAFT OPERATIONS ONLY - TO ACCOUNT FOR

ADDITIONAL CARGQ LOADING ON PASSENGER AIRCRAFT ADD UP TO 000 MILES
TO RANGE



TABLE 2E

CURRENT TWO AND THREE ENGINE JET TRANSPORT AIRCRAFT

APPROPRIATE NOISE CONTOUR SET AS A FUNCTION OF RANGE

STILL AIR RANGE
0-350 350-1350 ABOVE 1350

(NAUTICAL MILES)

TWO ENGINE A B B

I

THREE ENGINE B C D

NOTE: APPLICABLE TO PASSENGER AIRCRAFT OPERATIONS ONLY - TO ACCOUNT FOR
ADDITIONAL CARGO LOADING ON PASSENGER AIRCRAFT ADD UP TO 300 MILES

OF RANGE
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! APPENDIXF
I

_, COMPUTER PlqOGRAM

t; The method outlined for calculating N'EF's does not require the use of a com-
puter. EPNL grids are included for each aircraft type and profile to facilitate

hand computations. Also profile contours are plotted for "quick look" consider-

I _ ations.

!"
I_ For large airports and complete computations of small airports the computer

program described in this section should be used because of the large amount of

I_ computations Invelved.

II The input sheet (Figure 1F) and flow diagram (Figure 2F) are sufficient to
allow use of the program for complete NEF computations about any airport.

ti The discussion which follows develops the problem and describes the computer

_ solution in a manner required by an analyst to update, change, or utilize parts
of the program in a different way.

The problem can beet be assimilated by thoughtful contemplation of Figure

i_ 3F. Here the analyst can imagine being a resident at a point oil a "giant grid"within 8 miles of the center of the airport.

: IN

_j The annnyance from noise that the resident is subjected to depends on ques-

: tions such as: how far is ths resident from the runways?; lmw busy are the

_J runways?; what is the flight profile?; what is the engine configuration?, etc.

t$ Answers to these questions form the input to the computer program.

ts
I_, However annoyed the resident is, one can imagine another point on the grid

that is Just as bad. In fact one could reside st an infinite number Of such points
#a
i all around tbe airport. This continuous series of points defines a Contour of

_" constant annoyance. Coordinates of three such annoyance contours form tim

, _ answer to the problem and are the output from the computer program.
i

,,, To further assimilate the problem imagine that a constant annoyance contour

of "15 NEF" were required. Where does this curve lie? In fact what reference

ltne do we have from which to describn this contour? If the community noise

: were caused by flights along a single flight path the contour could be described

*- as a constant distance from the flight path, Any observer at that distance from

the path would be annoyed "15 NEF'. The distance would be a function of the

; plane type. But what If there were several different types? Although the "15



flNEF contour would still be at a constant distance from the flight path and form
an ellipse on the ground below the flight path, the required distance from the

path (acombinationoftwo or more noise characteristics)would be complicated
to obtain,

The method of combining noise from two or more different airplane types is

definedinterms ofa singleobserver, not Interms ofthe effecton a constant
annoyance contour, Even for a singleflightpath, then,ifmore than one air-

crafttype ispresentthe procedure must be tofindtheannoyance at a finite
number ofpointson theground and interpolatefor constantannoyance contours. ,-

The program finds the total annoyance at each 1/4 mile grid point, considering ,,
all paths, and interpolates at 0, 15 and 25 NEF to find coordinates of constant
NEF.

t.,

The discussion and pictures have been aimed at leading the analyst through "' '
the first thoughts of contour prediction. The direct approach from contour re- ,,
qulred,tocontourcoordinatedwas bypassed in thisprogram for the better

defined approach which gets there by way of noise computations at grid points.
T

,4

The program findstheannoyance ata grldpointby findingthenoise fora

singleflightpath,adding the energy from another path,and so on untilall

paths abouttheairporthave been considered. To findthe noisefrom a single

path the program finds the distance to the path and uses the appropriate noise
versus distancecurve. Itadds energy from allplanesofthistypeon the path.

Ituses anothernoisecurve for anotherplane type on thepath, etc.

The questiontobe answered is: what isthe "distance"tothe path. See
Figure 3F.

The answer is that the distance to a path from an observer is the minimum

distancetothepath, Ifthe distancesfrom theobserver topointson thepath

have two minimums then assume the plane has passed by the observer twice
and use noisecontributionsfrom bothminimums.

L ,

With the above discussion, the flow diagram, input forms and the source
program comments, an analyst can adapt the program to his needs. If further
information Is required the original programmer can be reached through SAE
Headquarters by reference to this rsport.
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r

The was compiledand run ona Univac1108. A singleairportofthe
program

sizeandflightcomplexityofKennedyInternationaltakesapproximatelyi-I/'2

minutesperpathon an Univac1108.*

The programoutputscoordinateswithoutsequenceon punchcards.These
l!i coordinatesare normalizedtoplotona Bcnson-LehrnerElectro-PlotterroodII.

Slncethereisonlyoneplotperairporttheplottingcanbe donebyhandwithout

great loss of efficiency. The fact that the coordinates are not sequenced makesconnecting the plotted coordinates impractical with a machine. The connection
isdonebyhandwiththeaidofa seconddisplayofgridnoisecharacteristics.

A magnetic tape of the EPNL levels is written for each path in order to
facilitatethechangingofinputsforindivudualpathsifdesired.

t_
IJ

!'Ill

i!

I'7
r

,I

"7

,!

i *For future requirements the program is being re-evaluated to determine
reductioninrunningtimeposslbilities.
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COMMUNITY NEF PREDICTJ.ON

1 8 9 16 17 24 25 32 33 40 41 48 49 56!57 64 65 72 73 80

Runway Dispersion Prediction Date of

Card # Airport T.O. [ Approach Number Period Run

I1.

Runway Runway North East Number of Last Case Last Airport
Length Azimuth Coord. Coord. Segments =1. --1.

2.

Curve Curve Curve

Straight Radius Angle Straight Radius Angle Straight Radius Angle
, Length Length Length

3,

4 Engine 3 Engine 2 Engine
Profile No. of No, of No. of No. of No. of No. ef

Day Flights NightFlights Day Flights Night Flights Day Flights NightFlights

4. A

5. B

6. C

7. D

8. E

9. L

Ground profile geometry for both takeoff and approach are referenced to the start of takeoff roll. {i.e. think of an approach as a
reverse takeoff in supplying flight path data). Number of flights may contain a fractional part of a flight since it represents an
average. All numbers must have decimal points.

FIGURE 1F



,

! "" COMMUNITY NEF PROGRAM
.i

I

i _,

Degin Tim noisecurves for3 airplanetypesare rend inas

,I"2 data, These dataare suppliedtotheuser with thepro-
I ti gram. The routine to evaluatepoints in this curve

.._ is explained near routine "unbar*'.
' I

I
_ aU types

set up The vertical geometry (DSTOR vs, altitude profile)
vertical isrequired.forn standard5 profiletake-offand ti

r-_ geometry singleapproach. This geometry isnot read inbut

is set by the program.

_ This title defines tim runway, prediction period, etc.

prin_titles {20A4) For dispersionsabout a runway use a numbering
I _ forfirst

-- _"flight path--[ system within each runway title -- i.e. 14L-l,

i_ 14L-2 etc.

'_, _ead runway_y/ Read runway orientation. Rumvay length is usedrientatlo/ to compute touchdown point relative to the start of
takeoff roll. Each flight path is oriented in this

'-_ way, making an approach path a reverse takeoff .
All pathsbeginatzero altltudoincludingapproach
paths,

,-_
.i

,



m

The paths are made up of alternating stralght and
circular segments. Give the length of the straight

ReadPath segment is added by the program as a straight por- _ !
tion from the end of the users last segment to 30 '

miles. The path is used only 20 miles, however,
so describing an accurate path to 20 miles will suf- ;,
rice from the users standpoint.

IJ

Submutlne Thls routinecomputes thex, y coordinatesalong the i

path flight at 1/4 mile points along the path.

j

Computes the altitude of the plane at each 1/4 mile
vertical point along the path. This is done for 6 takeoff pro-
path filesand one approach. -'

p,

P.cad This isthenumber ofplanesusingeach profile,day _i
and night,4, 3 and 2 engineplaces.

Add the
energyfrom
dayand
night

F-6 FIGURE 2F --



n

13o11 for _
all observers

,- ( _ The distance subroutine evaluates, from a singleI _ Distance observer, distances to 80 equally spaced points on, Subroutine the path.

_?_ This routine Is used to find the one or two distances

: Minimum usually be perpendicular to the path, but may be

r_ distance otherwise inturnor forspecificobservers behind
i _ the path.

I:7

• _ Two short distances indicate that the path passes by

DOIIfor

I on_or two the observer'twice. Energy from both passes must

] _ distash°'tn_s....j be combined.
: 1

"2 ]/ _k This routine evaluates the noise level curves at the

_ given shortestdistance. The routineisa quadmtlc

J
:i

F-7 FIGURE 2F



I !

fit using 3 points near the shortest distance. Unbar
standsfor univariate,hivarlate.

l

I

Thie time for extra ground attenuation at zero r •
degrees angle from observer. The x value is given _
the shortest distance. ,-

This function computes total ground attenuation at _]

the actual angle from obsercer. The function uses

data from the previous step. _I

I

hem thls This isa logarithmicadditiontoupdate the gridfor
profile, this path and the total grid for all paths, _"
path

i ,

When all grid points have been updated for this path print out a display of '
the area affected by this path, and return to read another path description.

When all paths have been read print the display of the total community,
the coordinates of equal NEF and the plot cards for machine plot.

p

r ,

r i

_. F-8 FIGURE 2F "_
i ,



AIRCRAFT FLIGHT PATH AND COMMUNITY NOISE EXPOSURE

_0

FIGURE 3F
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APPENDIX G

EXAMPLE OF PROCEDURE FOR CALCULATION OF

r" NOISE EXPOSURE FORECASTS

_e
I _ NEF values for current jet transports for any airport can be calculated either

s manually or through the use of a computer, An example of a manual calculation

[,_ The computer program Appendix F represents
is described below, described in

the same proecdurc.

t: As an example, a relatively small airport was considered (nee Table 1G) with a
total daily movement of 320 aircraft consisting of two and three engine Jet aircraft.

l_ The emission of larger four engine Jet aircraft in this example does not affect thebasic procedure but simplifies the calculations. The number of daytime takeoff
flights categorized under contour sets A, B, C, D and Approach were tabulated

in column (3) of Table 1G, and similarly, the number of nighttime flights in
column (4). Both for aircraft type and contour set, the correction for the number

of daytime flights for each category was found by taking 10 log M where M Is theappropriate number found in column (3) and tabulated In column (6), In similar
manner, the correction for the number of nighttime flights was found by calculating

16 M M is the number found in column and adding 10 dBlog (where appropriate (4)
arithmeticallytothis,making the totalnighttimecorrectioni0 + i0 logM. This

result is tabulated In column (6), To arrive at the total correction for a given air-'craft type and contour set, the appropriate daytime and nighttime correction
factors logarithmically were summed. In this case, the appropriate numbers from

I_ columns (6)and (6)are summed and tabulatedincolumn (7).

Wlth thetotalcorrectionfactorstabulatedabove, itIsnow possibletoapply

l_ these to the reference EPNL grld values found in Appendix D.

II For the example only a limited number of grid points was chosen since NEF_i values at other grid locations are calculated In a similar manner. As shown in
Tables 20, 3G and 4G, values of EPNL for two and three angine Jet aircraft were
tabulated from the reference EPNL grid values from Appendix D for the various
contour sets at sideline distances _- 3/4, + 1/4 and 0 miles, and at distances from

! _ start of takeoff roll of 3, 4, and 6 miles. From Table :IG, the total corrections
., found in column (7) were added arithmetically, in Tables 2G, 3G and 4G, to the

corresponding EPNL values for a given aircraft type and contour set,
:1

The nextstep inthe procedure istoadd, logarithmically,allthe corrected

EPNL valuesfor a givengrld pointfor allaircrafttypesand for allcontoursets.
For example, to find the total EPNL at a distance from start of takeoff roll of 3

"" miles and a sideline distance of 3/4 miles, the corrected EPNL values at these
coordinatesfortwo enginejetaircraftcontoursets A, B, C and Approach and the

_, G-I
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corrected values at the same coordinates for three engine jet aircraft contour sets
A, B, C and Approach were added logarithmically to obtain 127.8, To obtain the

! NEF grid valuesforthe example airport,thearbitraryvalueof 113 EPNdB* is

! algebraicallysubtractedfrom thecumulativeEPNL value ateach locationon the

grid. In the specific case calculated above the factor 113 is subtracted from 127.8
J givingan NEF value of14.8. When the factor113 issubtractedfrom thevalueat

each grid location,the differencethenbecomes an NEF value. Similarly,NEF
valuesat othergrid locationswere calculatedand are containedinTable 5G. Con-

toursof equalNEF valuescan be plottedby interpolatingbetween NEF gridvalues
where necessary. ,-

*(SeeSection 4.1) ,_

!.,
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TABLE IG Tabulation of Aircraft Movements

at Example Airport

AIRPORT

RUNWAY END: TAKEOFF

APPROACH

(i) (2) (3) (4) (8) (6) (7)
Reference Number of Correction

Contour Flt8 _ts (M) .Factor (riB) Total Correction-Logarithmic
Aircraft Flight Daytime Nighttime Daytime Nighttime Sum of Columns

Type Profile 0700-2200 2200-0700 10 log M 10 + 10 ]o_ M (5) and (0)

4 Engine A
B
C

D
: E

Approach

3 Engine A 24 8 13.8 19.0 20.2
B 16 4 12.0 16.0 17.5

C 8 -- 0.0 • , ,-;..... 9.0
D ......... . .-._ , ....

Approach 48 12 16.8 20.8 22.3

2 Engine A 24 8 _-3.8 19.0 20.1
.... B 40 8 16.0 19.0 20.8

C 16 4 12.0 16.0 17.5

Approach 8(] 20 !9.0 23.0 24.5



TABLE 2G - SAMPLE NEF CALCULATION SHEET - 3 MILES

Distance from Slde Profile TotalSam

Start of Takeoff Distance Number of Total Corrected EPNL EPNL Values

Roll (Miles) (Miles) Engines Profile EPNL Correction EPNL Sum for Airport NEF

3. O0 3/4 2 A 100.4 20.1 120.5
B 67.9 20.8 118.7 123.2
C 96, 2 17.5 113.7

Approach 75.5 24.5 10O. O
120.5 13. S

3 A 102.2 20.2 122.4
B 99.7 17.5 117.2
C 98.0 9.0 107.0 123.7
D 90, 8 -- 98.0

Approach 77.3 22.3 99.6

1/4 '2 A 103.8 20.1 123.9
B 105.6 20.8 126.4 130.2
C 107.2 17.0 124.7

Approach 92.4 24. S 116, 9
132.7 19.7

3 A 108.6 20.2 125.8
B 107.4 17..5 124.9
C 100.0 9. O 118.0 120.1
D 108.6 -- 108.0

Approach 94.2 22.3 116.5

0 2 A 104.6 20.1 124.7
B 107.2 20.8 128.0 135.5
C 110, 6 17.5 128.1

Approach 108.5 24.0 133, 0
138.2 20.2

3 A 106.4 20.2 126.5
B 109.0 17.5 126.5 134.6
C 112.4 9.0 121.4
D 110.4 -- 115.4

Approach 110, 3 22.3 132.0



TABLE 8G - SAMPLE NEF CALCULATION SHEET - 4 MILES

Distance from Side Profile Total Sum
Start of Takeoff Distance Namber of Total Corrected EPNL EPNL Values

Roll (Miles) (Miles) Engines Profile EPNL Correction EPNL Sum for Airport NEF

4. O0 3/4 2 A 99, 0 20.1 119.1
B 10O, 4 20.8 121.2 123.9
C 98, 0 17.5 115.5

Approach 77, 4 24.5 101.9
128.8 13.8

3 A 100.8 20.2 121.0
B 102.2 17.5 119.7
C 99.8 9.0 108.8 123,6
D 98.5 -- 98.5

Approach 79.2 22.3 101.5

1/4 2 A 101.6 20.1 121, 7
B 103,8 20.8 124.6 128.5
C 105.5 17.5 123. O

Approach 94.2 24.5 118.7
131.0 18.O

3 A 103.4 20.2 123.6
B 105.6 17.5 123.1
C 107.3 9.0 116.3 127.4
D 108.4 -- 108.4

Approach 96, 0 22.3 118.3

O 2 A 102.1 20.1 122.2
B 104.6 20.8 125.4 131.5
C 107.0 17.5 124.5

Approach 105.4 24.5 127.9
134.1 21.1

3 A 103.9 20.2 124.1
B 105.4 17.5 123. 9
C 108.8 9.0 117.8 130.6
D 111.8 -- 111.8

Approach 105.2 22.3 127.5



TABLE 4G - SAMPLE NEF CALCULATION SHEET - 5 MILES

Distance from Side Profile Total Sum
Start of Takeoff Distance Number of Total Corrected EPNL EPNL Values

R.__oll (Miles) (Miles) Engines Profile EPNL Correction EPNL Sum for Airport NEF

5.00 2/4 2 A 97.1 20.1 117.2
B 09.4 20,8 120.2 123,4
C 100.5 17.5 liB. 0

Approach 78.7 24, 5 103.2
126, 0 13.0

3 A 98.9 20,2 119.1

B i01.2 17,5 118.7

C 102.2 9.0 111.3 122, 4
D 99.9 -- 99.9

Approach 80.5 22, 3 102.8

1/4 2 A i00.0 20,1 120.1
B 102.1 20, 8 122.9
C 104, 2 17.5 121.7 127, 3

Approach 95.1 24.5 119.6
129.8 16.8

3 A i01,8 20.2 122.O

B 103, 9 17.5 121.2
C i06,0 9,0 115.0 126.2

D 107.3 -- 107.3

Approach 96, 9 22.3 119.2

0 2 A 100.2 20.1 120.2
B 102, 6 20.8 123, 4

C 100,1 17.5 122.6 129.0

Approach 100. 0 24.5 124. ,5
131, 5 18.5

3 A 102, 0 20, 2 122, 2
B 104.4 17.5 121.9
C 100.9 0.0 118.9 128.0

D i08.6 -- 108.6

Approach 101,8 22.3 124.1
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,, APPENDIX H

EFFECT OF NUMBER OF FLIGHT OPERATIONS
r i

-- Perhaps the best-known and most comprehensive social survey In the field of
[, subjectivereactionto aircraftnoisewas thatconductedinEngland by A, C.

MeKennell fortheWilson Committee (Reference2). Other Studiesofthlsnature
" have been undertakenby severalEuropean countriesincooperationwiththe Office

' of Economic Cooperationand Development (OECD), but definitiveresultshave not
been published,The bestsummary of activityIna number ofcountrlesIsfound in

the German report"Flnglarm" (Reference3)publishedinGoettlngeninMay 1905.L_

r" A review and evaluationoftheresultsobtainedfrom thesocialsurveysand

, subjectivetestscitedabovesuggestthatfrequencyofexposure toaircraftnoise is
relatedtothe amount ofannoyance expressed by listeners.Investigatorsin

England and Interpreters of the literature in Germany and the Netherlands have
1_ concludedthatthecorrectionforrepeatedflyoversllessomewhere between 12

!a log M and 16 logM. Despitetheseconclusions,a carefulreview ofthe literature
_ revealslittlesubstantialevidenceto supporta valuewithinthisrange as beingany

more validthanthatof i0 log M currentlyemployed inAustralia,France, and

Is Sweden as wellas the UnitedStates,

When ":Jelookatthe raw datafrom which thesevaluesare derived,ItIsdiffl-

I_S cultto see how a value, whether Itbe 13.3 log M as used InGermany, or
specific

IS log M as employed Inthe Netherlandsand Britain,can be supportedwithout

I_ additionalevidence, The data reportedInMcKennell's 1903 SocialSurvey (theprimary basis forthese corrections)are far from conclusiveindemonstratinga
continuousrelationshipbetween number of exposures and annoyance. The realities

Iw of the operational situation prevented obtaining consistent or contiguous groupings
L_ of exposure frequencies to correlate with degree of annoyance and, as a result, the

I_ relatinnshlpderlvedIsfarfrom clear-cut.Shouldfuturestudyconfirm thecon-

_, cluslonsdrawn from thisinvestigationfor other airportsand other populations,
then seriousconsiderationshouldbe given tomodifyingthecorrectiontobe used.

1_ This discussion does not imply that 10 log M or any other correction procedure
should he firmly established as the proper correction for repeated exposures at

!_ this time. Rather, it points out that there remains considerable uncertainty con-
cerntng the relationship between the amount of annoyance experienced and the

,_ number, or frequency, of exposures. Furthermore, it is a psychological truism

_,. thatfrequency (rateof exposures)and not number ofexposures shouldbe con-
sidered as the critical influence on the subjective response to noise. Despite the

' ' fact that number of exposures is normally related to a given period of time, either4

_.. for 24 hours or forsome portionofa day, the relativefrequenciesresultingfrom

the calculationsarenot always clear. One hundred flightsa day, fora 24-hoart *

period, is obviously a different rate or frequency than 100 flights a day when re-
_" fcrred toa day consistingofthe periodfrom 0700 to2200. Furthermore, the

II-1



distributionoffrequency for relativelyshorttime periodsisnot accommodated by

such ealculatlons.Itislogical(againpsychologically)thatdoubling100 flights
evenly dlstributedover a givenextended time period,whether itbe 15 or 24 hours,

would nothave the same impacton u listeneras thesame number concentrated

heavilyintoone or more hightrafficdensityperiodsduringthe same totaltime

span, Yet the number, or even rate, of exposures for the extended time period
might be reportedas equal indescribingthesetwo situations.

Sincethe subjectiveresponse torepeatedexposures isinfluencedby two op-

positelyactingauditoryprocesses, sensitizationand adaptation,the effectsofex-

posure frequencyare not simpletopredict• For instance,we might anticipate

that any apparently simple linear relationship between frequency and annoyance _.
would change when exposure rate increased to the point where separation between
exposure approaches the decay time ofthe auditorymechanism. Noise exposures
Would thenbe essentiallycontinuous• Sensitizationand fatiguemight be expected

tointeractdifferentlybeyond thispoint,and the relatlonshlpspointedoutby ..i

Kryter and Pearsons 1963 (Reference9),for durationeffects(Le., 4.5 dB per

doubling)might be expected toapply.
t

Despitethe excellentresearch thathas been performed, the resultsare not ._

sufficientlyconclusiveto establishany one noiseexposure correctionprocedure ,
clearlysuperior toany otherover a wide range ofnumbers offlightoperations.

Therefore, thisreport has chosen the procedure currentlyused inthe United "'"

States, Australia, France, and Sweden as being the simplest available and as ...
accurate as any, namely, 10 log M.

h
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J: APPENDIX I

I_ EFFECT OF TIME OF DAY

The results of socloIngicel surveys, and other studies, indicate that community
: tolerance for aircraft noise is lower at night then it is daring the day. This is not

surprising when we consider the differences in human activity and general am-
i blent noise level associated with these periods, A major portion of the community
_ is committed to some form of work tc which their personal comfort has already

_., been compromised during the daylight hours, and this we might expect them tc
i_ have greater tolerance for an extraneous intrusion so long as it does not interfere

with their accomplishments. Research has demonstrated that human performance
F'n suffers little from noise exposure, unless auditory communications ere a slgnifi-
F_ cant component of the performance being measured.

I| In the evening hours, man turns to more sedentary activities, frequently
_! designed for his entertainment and pleasure. Furthermore, these activities tend

_j ' to have a high auditory content, e.g., listening to hi-fi or the radio, "watching"
I_ TV cra motion picture, playing cards, visiting, etc. Whatever the primary cause,

his tolerance for noise "on his own time" seems to be less than for those periods

[_ when he is working.

I_ Finally,duringthe lateeveningthroughtheearlymorning hours, we might
#_j expect the threshold of annoyance to be lower because cf the effects of noise cn the

community's sleephabits. Itisdifficulttoassess whether man isannoyed more

by an inabilitytoget to sleepor by being awakened because ofthe noise environ-ment, but Itis clearthatInterferencewith sleepisa criticaldetermlnantofan-

noyance.

[_ Inadditionto thedirectInfluenceofman's own activitieson hls apparenttoler-

t_ anee for noise, there Is the effect cf ambient noise level. This too tends to varywith the time of day. During daylight hours, most communities experience higher

ambient noise levels associated with greater activity. At night things tend to

I_ "quietdown, " As a result,lessmasking resultsfrom background noise,and anyIndlvldualnoisesource standsoutand becomes more offensive.

!r_ Selectionof Time Periods - Inorder toestablishrealisticnoise controlcriteria,

te researchers and administrators have attempted to select meaningful segments of

i_ the24-hour day on which to standardizeacceptablenoiselimitations.Inthe United
States and Britain, the 24-hour period is broken into two segments, the periods
2200 to 0700, and 2300 to 0700 respectively being classed as night. In Sweden and

I_ Germany, three periods have been selected which are classified as day, evening,I
em and night. Although the actual hours defining the periods differ, they represent

comparable segments of the 24-hoar period.I'
I
tw

J_

J
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If we seriously consider tile need for different noise level limits related to the

time of day, It is reasonable to suggest that three rather than two periods more
precisely define the different activity ambience conditions of concern. There are
tittle data, either experimental or experlental, available on which to base differ-

ential criteria for three rather than two periods, despite the apparent desirability
for selecting more than two. Therefore, this study uses two tlme perlods with

"night" conditions prevailing from 10 P.M. (2200) to 7 A.M. (0700). _-

Selection of Correction Factors - Although investigators generally conclude that
community toleranc e is probably lowest during the "evening" hours, as suggested
above, the significance of these conclusions and the amount of threshold change _ ;
has not been established. Since the primary determinants for the differences In

:!
response perceived between evening and night appear to be related in a complex _ I
manner to the activltles in which the exposed cmnmunlty is engaged and the general
ambient noise level, considerably more data are required before we can justify "
separate noise crRerla for three periods of the day rather than two. Attempts have _i

been made in some countries to apply weighting factors to various time periods. _*

For instance, in Germany factors 1, 2, and 4 for day, evening, and night are used, _l
while in S_veden factors 1, 3 and 10 are used, These efforts do not Improve the
situatlon, but rather tend to complicate it. ,._

In response to the widely accepted belief supported by some social surveys that

community tolerance for noise is generally lower at "night, '_we must resort to the '_
best laformatlan we have available to establish a value (correction) for nighttime ,'

i

exposure levels. For thls purpose, the demonstrated fact that ambient noise level ,_
in selected communities tends to be approximately I0 PNdB lower at night, sug-
gests a reasonable and practical correction value to normal daytime tolerance
levels.

• F
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