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SUMMARY

PROBLEM

Aircraft nolse contours are normally produced by using an Alr
Force computer program called NOISEMAP.
the data produced by NOISEMAP are questioned, or an engineer
may be uncertain about nolise levels that result from a particu-
lar type of aircraft operation. For thes
must be developed to check the accuracy of NOISEMAP and call
attention to incomplete or uncertain data.

APPROACH

Sometimes, however,

e cases, a procedure

This report presents NCISECHECK — a procedure to refine and
check the accuracy of NOISEMAP through the use of nolse measure-
ments. Section’ 1l describes a variety of
cause uncertainties in the noise values calculated by NOISEMAP
as well as a number of reasons for lnaccuracies inherent in

NCISEMAP.

in NOISECHECK.

~

situations that may

Sectlon ¢ describes in detail how to plan a nolse measurement

prograin.

ek

It also presents a flow dlagram of the steps Ilnvolved

It includes details for establishing a program goal,

assembling NOISEMAP background material, estimating the length
of a measurement progiam, selecting measurement locations,
obtalning instrumentation, and holding a protocol meeting.

Section 3 presents procedures for conducting a field measurement

program.

Maintenance of Tower Logs
Maintenance of ground runup logs
Maintenance of weather logs
Installatlon of instruments
Servicing of instruments

Preparing phcrographic documentation

Analyzing in-field data.

The program consists of the 7 following elements:
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Checklists are presented for 1nsta111né and servicing in-field
noise-monitoring equipment.

Section 4 describes the analysis of the field data. Procedures
are described for analysis of Day-Night Levels (DNLs) measured
directly and for synthesis of DNLs from Sound Exposure Levels
(SELs). The analysis involves 6 worksheets, each with step-by-
step Instructions; some worksheets also have supplemental calcu-
lations. The final analysis 18 an evaluation of the probability
that the measurements and NOISEMAP are consistent.

Section 5 presents a method for determining contributions to
NOISEMAP DNL values at specific sites. The method uses data
from the NOISEMAP data base, NOISEFILE, and from airbase opera-
tions information to obtain an SEL value and a partial DNL value
for each operation. The partial DNLs are summed until the total
is within 0.3 dB of the NOISEMAP DNL for the site. Significant
operations are all operations contributing to that total.
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1. INTRODUCTION \

This manual contains all the information needed to understand
and implement NOISECHECK, a program designed to

» Measure noise levels at ground locations in or near Air
Force bases, and .

» Use these measureuents to make annual Day-Night Sound
Level® (DNL) estimates of predictable accuracy.

NOISECHECK estimates can be used for comparison with DNL values
developed by the Air Force NOISEMAP program, which is used to f
calculate the expcsure of communities to the noise of aircraft.

Though the NOISECHECK program is useful in any situation where
measurements of aircraft noises are important — such as a

suspected noisy area where new construction is planned or an

area that rmay be newly impacted by a change in operations - it

is desigiied for use specifically when a NOISEMAP DNL is ques-
tioned or challenged.

Most of the questions about NOISEMAP that require resolutions

by NOISECHECK are caused by inaccurate or mistaken inputs to
NOISEMAP. Examples are:

+ Actual numbers of operations (frequencies) per day and
night period are different from those assumed in the
NOISEMAP computations;

« Actual aircraft flight tracks over ground are different
from those assumed;

e Alrecraft missions or flight profiles and enzine power
settings are different from those assumed:

+ Types of aircraft using various flight tracks are
different from those assumed;

e Actual noise levels differ from those in the NOISEFILE
data base used by NOISEMAP;

#hay-Night Sound Level: the A-weighted sound level averaged
on en energy basis over 24 hours with a +10 dB weighting
average applied between 2200 and 0700 hours. Yearly average

Day-Night Sound Level: the energy-averaged daily DNL value
for the year.
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+ Actual average weather conditions cause significantly
different attenuation from those assumed;

+ Ground runup operations (locations, orientations, power
settings, or durations) are different from those assumed.

Other possible causes are background noise, local features, and
inaccuracy in NOISEMAP algorithms. For example, background noise
from other sources may be causing significantly higher uoise
levels than those caused by aircraft alone. Some local geo-
graphic feature, such as a hill, may be known but is not taken
into account in NOISEMAP calculations (which assume a flat
terrain around the airbase and its flight paths). Finally,
inaccuracies or uncertainties in various NOISEMAP algorithms,
such as takeoff roll, model for transition from air-to-ground
to ground-to-ground propagation conditions, or excess sound
attenuation, may be important.

Figure 1 is a flow diagram of NOISECHECK procedures.

Appendix A contains three log sheets: one for the tower, one
for runups, and one for the weather. Appendix B includes four
checklists: one each for the tower and runup logs, one for
initial installation of the portable noise monitor, and the
fourth for service visits to the portable noise monitor. Appen-
dix C contains all worksheets for data analysis.
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2, NOISECHECK: FIELD MEASUREMENTS PLANNING AND PREPARATION

The first step in planning any fleld-measurement program is to
choose the appropriate program goal. Once this decision is
made, planning steps include:

* Assembling NOISEMAP contours and chronlicles
* Estimating the length of the measurement program
* Selecting measurement locations
* Obtaining recommended instrumentation
* Holding a protocol meeting.
DEFINING PROGRAM GOAL

Defining the program goal requires that the engineer determine
the location or area where NOISEMAP values of DNL have been
questioned.* Then move on tc the other planning steps.

ASSEMBLING NOISEMAP CONTOURS AND CHRONICLES AND VERIFYING
OPERATIONS

The NOISEMAP contours and chronicles contain information vital
to all measurement programs (although up-to-date contours may
not be available at some airbases). This information, including
DATASCREENt operational summaries, should be assembled for use
during planning as well as during analysis and critiquing of
results.

All field tests require DNL contours, types of aircraft, opera-
tional frequencies, information on ground runups, and flight

track plots. Aircraft power-altitude-flight-track listings are
a requirement for critiquing results involving SEL measurements.

¥Field measurements may have a lesser goal - definition of the
SEL for one or more types of operation. The procedures for
program planning measurement and analysis of SELs would follow
the guidance of Secs. 2 through 4 of NOISECHECK; however, they
would conclude before synthesis of DNL.

1"I‘he DATASCREEN is a separate computer program that provides an
analysis of NOISEMAP input in terms of a summary of alircraft
operations by type of aircraft and by runway as well as air-
craft types by runup pad.

12
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Since many errors in NOISEMAP values of DNL are the result of
errors in operations input data (numbers or types of operations)
or flight tracks, these sets of input should be reviewed with
base personnel before proceeding to plan and implement a measure-
ment program. Should significant* input errors be found,
NOISEMAP should be rerun with the new input.

ESTIMATING THE DURATION OF THE MEASUREMENT PROGRAM

Although one might desire to determine the exact duration of a
measurement program before the start of the program, such fore-
casts may be wery inaccurate. At any given location, the length
of the measurement period is a function of the variability of

the data being measured. For example, DNL will tend to be stable
at a location close to a runway end where the frequency and mix
of operations are nearly constant. However, DNL will be less
stable at points at greater distances from runways or near air-
bases where the frequency or mix of operations varies signifil-
cantly.

If the daily number of operations for each major noise con-
tributor is predicted to be at least 75% of the average busy
day level from the NOISEMAP chronicle, DNL can be measured
directly, and the length of the period needed to measure the
site DNL can be estimated by the following steps:

1. First, estimate the approximate sample stancard
deviation in daily DNL values, using Fig. 17 on
page 58, 1In using this chart, consider only the
opergtions that contribute most to the site
DNL.

¥Significance of errors can be determined by using NOISEFILE
data and the method described in Sec. 5 for determination of
the primary contributors to the DNL at a site.

+Note that this estimate requires a determination of the opera-

tions (and flight tracks) that influence the site noise en-
vironment. Procedures described in Sec. 5 may be used to
e:timg;z the contribution of each type of operation to the
site .

13
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2. Second, use the approximate sample standard deviation
to enter Fig. 2, "Number of Measurements Needed to
Assure a 90% Confidence Interval."#®

For DNL measurements, use Fig. 2 to determine the number of days
of measurements for a 90% confidence interval. Select the number

of days to determine the confidence interval to be at most’ +2 dB
and, preferably, +1.5 dB.

If the daily number of operations for each major noise contribu-
tor is predicted to be less than 75% of the average busy day

or the measurement period from the first estimate appears too
long, SELs must be measured. The number of measured SEL values
required for a given type of operation should then be estimated.

If SEL measurements are to be made, estimate the number of mea-
surements using Fig. 2 and Ffig. 17. The standard deviation

shown in Fig. 2 can be derived by taking the square root of the
variance in Fig. 17. The number of measurements is then obtained
from Fig. 2, aiming fer a confidence interval of +1 dB fcr the
majcr SEL ¢ - .ributors to the site DNL, and a +2-dB confidence
interval for lesser SEL contributions (i.e., contributors whose

"partial" DNL values are likely to be within 10 dB of the site
DNL).

When the significant cperations have been identified and the
period has been estimated, the engineer should verify with the
Base Operations office that the required operations will occur
during the intended measurement period.

SELECTING MEASUREMENT LOCATIONS

Specific measurement sites should be chosen after a:.general
inspection of the area to be surveyed. Sites should be selected
to provide the required noise information (e.g., verification of
SEL, or DNL, at a point of concern) and also to meet three
general measurement criteria: security of the portable noise
monitoring systems, a background noise level that is low in

relation to the aircraft noise levels, and no acoustic inter-
ferences.

*Figure 2 is based upon the arithmetic mean and the standard
deviation about the arithmetic mean. In later calculations
using measured data, confidence intervals are determined for
the energy average of measured levels, a more rigorous calcu-
lation procedure. However, Fig. 2 1s sufficient for initial
measurement planning purposes.
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Where an area 1s to be surveyed, rather than a single, small
site, a group of measurement points should be selected. One site
would be the primary or "key" site. Others would be the second-
ary or "satellite" sites. The key site would be used for the
entire set of measurements in an area and the satellite site or
sites for shorter-term measurements (i.e., to help determine
noise gradients over an area).* The engineer charged with place-
ment of the noise monitoring systems should seek maximum pro-
tection for the units. The best choice is to locate the units
inside a building that can be locked or guarded, with a cable
leading to an outside microphone. A less preferable method is

to place the system in an enclosed area, with the noise monitor
chained to a post (Fig. 3) or in the open, also with the unit
chained to a tree or fence post. Least desirable is placement

of the unit in the open, unchai:.ed.

Noise monitors should be located in areas of low background
noise, away from or shielded from roads. Be aware, however, that
background noise may still be a problem at measurement sites
where aircraft noise levels exceed background sound levels by
only 10 dB or less.

"Acoustic interferences" include line-of-sight obstructions and
reflecting surfaces. No object, even a tree, should obstruct
the line of sight between the microphone and the aircraft at
the point of closest approach. The microphone should not be
placed within 100 ft of a vertical flat reflecting surface that
is perpendicular to the plane of the microphone and aircraft at
the point of closest approach, with one exception — in residen-
tial neighborhoods, reflecting surfaces are an unavoidable part
of the acoustic environment,

One task in the selection of measurement sites may be obtaining
from civilian owners permission to use a site that is outside
airbase property. Such permission may be obtained verbally

by the engineer, either in person or by a telephone call.

#If a very large area is to be verified (e.g., definition of the
DNL 65 contour in a town), a number of key sites will be
required.

16
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INSTRUMENTATION

NOISECHECK programs involve a baslc noise monitoring unit:
Digital Acoustics DAI 607P, which consists of a standard sound
level meter with bullt-in digital computing and memory capabili-
ties and a printer. This unit can process, store, and print out
elther single-event or continuous noise exposure data. Printout
of HNL, DNL data, etc., can be on demand or at specified inter-
vals. Figure 3 shows the components of the system and a recom-
mended installation.

The microphone is a GenRad 1962-9601, an electret form of a
condenser~-type microphone. These microphones were chosen for
NOISECHECK programs because they have moderate sensitivity and
excellent frequency response, and they can tolerate a wide range
of operating conditions. A microphone windscreen of porous foam
is provlided not only to reduce the noise of wind but also to
protect the instrument from rain and snow.

The system calibrator is a GenRad 1567.

Because the electrical signals generated by the microphone are
small, it 1s attached directly to 2 preamplifier - a stable,
low self-noise electrical amplifier that transmits the enhanced
electrical signal over a cable to the DAI 607P.

The digital circuitry of the DAI 607P samples the electrical
signal that would be fed to an indicating meter in a standard
sound level meter 8 times a second and then uses these sampled
levels 1in digital computations. DAI output is in two forms:

an LED display for visual observation and printouts on a thermal
printer for permanent records.

The DAI 607P has been designed for routine output of the DNL
used for aircraft noise analyses. It also measures and prints
out the HNL as well as the SEL and maximum A-level of individual
noise events that rise above a selectable nolse threshold.
Incorporated in the unit is an accurate time clock, which re-
cords the time of day at which single events occur. The DAI
607P has the option to output percentile distribution functions
of the measured A-level over specified time intervals, data
which can be used for nonaircraft noise analyses.

See AMRL-TR-78-125, Development of NOISECHECK Technology For
Mcasuring Aircraft Noise Exposure, for more detailed information
concerning the monitor itself.

18
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PROTOCOL MEETING

An important step in the planning of field measurements is a
protocol meeting, at which the engineer can discuss with airbase
personnel the support requirements he will need during the
NOISECHECK program and, if necessary, changé or adapt them to
conform to base resources. The meeting should be with the Base
Commander and should include, but not be limited to, representa-
tives of the following areas: Base or Wing Operations, Civil
Engineering, Environmental Health, Tower Operations, Weather
Station, and Maintenance.

The basic roles of each department participating in a NOISECHECK
programn are described in this paragraph. The Base Commander

is responsible for overall coordination of base activities and
needs to be aware of any NOISECHECK program. The engineer will
rely on personnel from Base or Wing Operations for forecasts

of operations. (The engineer must make sure that the Base
Commander and Operations Office understand the Importance of
normal flight/and ground runup operations during the measurement
period.) Civil Engineering 1s responsible for the Base AICUZ
program and the NOISEMAP contours; the engineer responsible for
NOISECHECK must rely on Civil Engineering for informacion on

the NOISEMAP input used for the contours that have been ques-
tioned. Also, Civil Engineering will use the results of the
NOISECHECK program. Environmental Health will normally be

called upon for manpower support during NOISECHECK. Tower Opera-
tions, the Weather Station, and Maintenance will be asked to

keep logs of air operations, the weather, and maintenance (ground
runup) operations, respectively, during NOISECHECK measurements.

This review concludes the basic planning for NOISECHECK. At
this point, the engineer will have concluded what measurements
are necessary, estimated how long the program will take, and
coordinated the program with base personnel. ‘Section 3 is a
guide for the engineer as he makes actual measurements.
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3. CONDUCTING NOISECHECK FIELD MEASUREMENTS

In the field, a NOISECHECK program includes 7 elements:

¢« Maintenance of Tower Logs (by tower personnel)

¢« Maintenance of Ground Runup Logs (by maintenance personnel)

+ Maintenance of Weather Logs (by weather personnel)
+ Initial installation
¢« Servicing units
*+ Photographic documentation
+ In-field data analysis.
MAINTENANCE OF TOWER LOGS

A NOISECHECK field measurement program involves the assistance
of flight control tower personnel, who must log aircraft opera-
tions on a Tower Log form (Fig. 43 throughout the program.

Before turning the log forms over to the tower personnel,

the engineer should lgst the aircraft contributing to the
exposure in the measurement area.t (The form has space for
listing 7 different types.) The engineer should use the NOISE-
MAP chronicles and/or DATASCREEN summaries with flight track
paths to identify the more important aircraft and flight or
runup operations influencing the DNL values at the proposed
microphone sites. He should make sure that the form is set up
80 that the operations are described in the same way tower
personnel describe them.

The engineer should give a copy of the following T-step log
procedure to flight control tower personnel, should review it
with them, and should answer any questions about it before
proceeding with the next step.

»

Log sheets are contained in Appendix A.
*The procedures described in Csc. 5 can be used to determine
operations that contribute to expasure.
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Installation
Date
Runway(s)

OPERATIONS

TIME AIRCRAFT

t
Other {Runway | T/O* {ApproacH T & G | Other

h-—-—-J——J——i—-h——-T—-q—-—_—ﬁ——P—-

| *Tokeoff SO - Straight Out R - Right Turn tApproach S| . Stroight In
Deporture P - Pattern
P - Pottern L - Left Tumn
Deporture

F16. 4. AIRCRAFT TOMER LOG FORM.
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Aircraft Tower Log Procedure'

e '

1. Log every aircraft movement that affects the measure-
ment area.

2. Use check marks for aircraft types listed. Identify
others.

b R RS
e

3. Describe the aircraft operation with the code letters
1isted at the pottom of the form. Note that for
touch-and-go or flyby operations, entries are required

for jboth approach and takeoff. Include under "comments"
the flight track jdentifications.

e !
i 4. List the time at which the aircraft passes the tower.
Begin a new sheet at start of new duty day (midnight).

5
6. Note any runway changes at the time of change.
7

. Indicate under vecomments" if the practice pattern was
radar controlled (R) or visually controlled (VFR).

MAINTENANCE OF GROUND RUNUP LOGS

! - If ground runups influence the exposure in the area of interest
: logs of these runups must be kept. Maintenance personnel will
assist in the program by keeping the logs. Figure 5 shows a

sample log.

-

- The engineer should give a copy of the following L-step 108

/ procedure to maintenance personnel. should review it with them,

; and chould answer any questions about it before proceeding with
the next step. The log should describe in detail the ground
runup power setting-duration values (e.g., 5 min @ afterburner,
8 min & MIL PWR, 8 min @ 80% rpm, end 20 min @ idle).

Afrcraft Maintenance and Runup LO Procedure

1. Log every maintenance runup.

| 2. Use a separate sheet each day for each runup pad or
x test cell.

copies of the rour checklists presented in

]
Appendix B contains
the text.
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Measurement Program

Sheet_ of __
Installation
Date
Runup Pad
or Test Cell
Aircraft fibrie
Orientation | Start End Total Time
Aircraft | on Runup Power to at at
Type Pad Setting | Setting | Setting | Setting Comments
|
FIG. 5. ATIRCRAFT MAINTENANCE LUG.
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: 3. List the power setting for each test segment as well
g ] as the start time and end time at that setting (hours,
minutes, seconds).

4, Indicate under "comments" any unusual occurrence
during a runup.

MAINTENANCE OF WEATHER LOGS

The third element of a NOISECHECK fleld measurement program -—

Maintenance of Weather Logs — also involves the assistance of

base personnel. These logs are kept by the staff of the Weather

] Office, who tabulate the temperature and relative humidity every

E 3 hours throughout the test program. Each log covers 5 days. 1

A sample form appears as Fig. 6. As with the Tower Logs, the .
, engineer should discuss the logs and thelr maintenance with i
4 Weather Office personnel and make sure the procedure is thor-
oughly understood before proceeding to the next step.

INITIAL INSTALLATION

The DAI 607P portable noise level monitor used for NOISECHECK
measurements is shown in Fig 7. Front-panel controls are
labeled, and other components are identified.

The engineer working with this unit should be aware of 7 general
warnings, applicable both during installation and during subse-
quent servicings of the units.

1. Do not leave boxes upside down or at angles greater
than 45 degrees.

2. Do not swlitch power off until end of program.

3. Always keep at least one battery in place during
program.

4., Always check to be sure that all three switches are
set to right (i.e., "on," "A," and "slow").

5. When recalibrating, remove calibrator and make sure
p A sound level (Read-QO~Enter) is below threshold before
' " g reset (Print-0-Enter).

6. Always check time, battery voltage (6.4 V is max, 5.6 V
is low 1limit), and paper supply before leaving box.

7. Always use desiccant packages (8 units) per instrument

box. Check and replace as necessary with each servicing
of the monitors.
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Figure 8 shows the data heading listings of the portable
noise monitor unit, all of which correspond to the initial
setup commands gilven the unit.

In the field, initial installation of the unit involves 18 steps.

ll

Erect tripod to its full height, install microphone
holder vertically, place microphone in holder, connect
microphone cable to monitor, place calibrator on
microphone, switch on calibrator, switch on monitor,
and wait 30 seconds.

calibrate (Set-O-Enter).

Read level (Read-l-Enter). If the level indicated

in the display is different from 114.0, recalibrate
(steps 2 and 3).

Read the Cal Offse .Read-29-Enter). The value should
pbe between 20 and 3. If the value is over 100, the
microphone 1s not connected or the calibrator is not

on. Check and repeat the calibration (steps 2

through 4). The unit is now calibrated.

Disconnect microphone cable and turn off the calibrator.

Set time 15 seconds before an integer minute
(Set-2-Enter HH.MM). At the minute mark, press Enter.

Read the time in hours and minutes (Read-Z-Enter) and
in minutes and seconds (Read-U40-Enter). If the time
is incorrect, repeat steps 5, 6, and 7.
Set header information:

« Day (Set-9-Enter-XX-Enter)

+ Location (Set-l-Enter-Xx.XX-Enter)

. SEL Threshold, if other than 60 dB (Set-5-
Enter-XX.XX-Enter)

« Print SEL (Print-1-Enter).
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9. Print status and activate monitor (Print-O-Enter).

10. If status is in error, Set-24-Enter, recalibrate,
and change the particular item (e.g., SEL threshold
or time), and print status again (Print-0-Enter).

11. Verify all three switches set to right ("On," "A,"
"Slow" ) .

12. Check battery voltage and paper supply to make sure
the monitor will last during the planned unattended
measurement period.

13. Select measurement site and security method. The
microphone should have unobstructed "view" of the

ailrcraft, and the monitor should be inconspicuous and
near a post or tree.

l4. Chain monitor to the post or tree with two padlocks,
one for a chain loop arouna the stanchlon and the
second for a chain loop around the monitor. Keep
the chain loop around the monlitor under the handle
and as tight as possible to discourage theft.

15. Position microphone.
16. Install windscreen.
17. Connect microphone cable input.

18. Cover monitor with plastic bag for rain protection,

and secure microphone extension connector under cover
if possible.

SERVICING UNITS

The engineer should visit the noise level monitor once a day
for several reasons: collecting data records, checking on

correct ogeration, recalibrating, and confirming the unit's
gsecurity.

*Measurement errors due to drift of the monitor galn can be mini-
mized by recalibrating Just after midnight. Calibration at that
time reduces the drift gain bias of daily DNL reports.
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A service visit to the unit involves 19 steps:
1. Disconnect microphone input.
2. Unlock box, leave lock on chain.

3. Open box, print status (Print-O-Enter). Annotate
any unusual circumstances.

Eind it —_ 5

4, Innhibit (Set-24-Enter).

5. Place calibrator vertically on the microphone,
reconnect microphone input, wait 30 seconds.

6. Recalibrate (Set-0-Enter).

7. Read level (Read-l-Enter). If other than 114.0,
recalibrate again (Step 6).

8. Read CAL offset (Read-29-znter). If more than 0.2
dB different from previcous status (Step 3), recalibrate
| again (Steps 6, 7, and 8) until CAL offset repeats itself.

9. Remove calibrator, disconnect microphone input, wait
10 seconds check to see if sound level 1is below
threshold (Read-l-Enter).

10. Check time (Read-2-Enter); if incorrect, enter new
time (Set-2-Enter-HH.MM-Enter), then reset
(Print-0-Enter).

11. Do paper work.

« Pull about two inches of paper from printer and
tear off.

» Remove left battery. (Caution: Do not disconnect
both batteries at the same time.)

* Remove spool.
* Remove paper frcm spool.
*+ Reinstall spool.

* Check paper supply. If less than required for
aext time period, replace with new roll.
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13.

14.
15.

16.
l7.

18.

19.
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+ Lower printer lid. (Caution: Make sure paper
release level is down and paper roller is in
slots.)

» Reattach paper to spool.
» Replace left battery.
+ Take up slack (Print-0-Enter).

Verify that battery voltage is adequate, 0.2 to 0.3 V
needed per day, 5.6 V minimum.

If header is incorrect (for example, wrong location),
make correction and reprint status (Print-0-Enter).

Check switches (all should be to the right).

Put calibrator in box, close the 1lid carefully with-
out force.

Redo chain through handle, keep tight around box.

Reposition microphone pointing at aircraft; reinstall
windscreen.

Recover box, reconnect microphone input, secure
connector under cover if possible. (Caution: Do
not leave box upuide down or at angles greater than
45 degrees.)

Leave site quietly.

PHOTOGRAPHIC DOCUMENTATION

During NOISECHECK fleld measurement programs, two kinds of
photographic documentation are needed:

e« Identification of measurement sites

+ Slant-distance photographs of aircraft.

Site ldentification.

Each measurement site should be identified for future reference.
Ideally, an identification picture should contain 3 elements:
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* A microphone
* A recognizable landmark

An aircraft in a position that is typical in relation
to the microphone.

In Fig. 9, all three elements are present.
Slant-Distance Photographs of Aircraft.

Slant-distance pictures of alrcraft at the point of closest
approach to microphone positions should be taken for several
purposes, including:

+ To verify altitude profiles (useful in demonstrating
typical aircraft operating during the measurement period)

+ To determine the proportion of air-to-ground and ground-
to-ground transmission (useful for backup in controver-

sial situations)

+ To compare an aircraft's measured SEL with NOISEFILE SEL
values.

The following procedure should be used to determine the

slant distance from photographs. It involves 5 tasks, each of
which is discussed in detail below.

. Select camera and lenses

. Calibrate lenses

Take photograph of aircraft

E—4 w [\S] [ nd
. .

Measure photographic images
5. Calculate slant distance.

Camera and Lens Selection: The most convenient camera to use
for determining distance is a 35-mm single-lens reflex, with
lenses of (approximately) 50-mm, 100-mm, and C00-mm focal
lengths. Selection of the appropriate lens involves the antici-
pated distance to be measured and the size of the aircraft.

32
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FIG. 9. TYPICAL SITE DOCUMENTATION PHOTOGRAPH SHOWING
:ICRO:II':IONE. A RECOGNIZABLE LANDMARK, AND AN
IRCRAFT.
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For example, the 50-mm lens should be used for distances less
than 500 ft for all aircraft and is suitable up to about 1000 ft
for larger aircraft (e.g., B-52, KC-135). For longer distances,
the other lenses are recommended. Experimentation with the
different lenses may be needed for a different situation. The
goal 1s to achieve as large an image as possible without undue
difficulty in framing the aircraft in the photo.

Lens Calibration: Each set of photographs (not necessarily each
roll of film) should have a calibration picture for each lens,
obtained by photographing an obJect of known size at a known
distance. The object may be any convenient reference, such as
two traffic cones or two vertical posts (small diameter) 10 ft
apart, or a doorway of known dimensions, etc. The distance from
the object to the camera and the size of the object should be
measured within better than 1%. For the 50-mm lens, the dis-
tance could be 50 ft, for the 100-mm lens, 100 ft, etc.

e b AT

Photographing the Aircraft: The aircraft should be held centered i
in the viewfinder with smooth movement of the camera. The photo- '
graph is taken at the point of olosest approach. Some judgment
is necessary to achieve this point. Typical cues vary from one
aircraft to another and depend on the angle from which the photo- )
graphs are taken. For aircraft flying overhead, it is possible
to use the plane of the Jet erigine nacelles or the plane of the
propeller for a reference. A nacelle inlet shows up as an
ellipse from the front which gradually disappears as the air- |
craft is overhead, the point of closest approach. The photo- !
graph must be taken at this point. For propeller aircraft, the |
propeller plane becomes visible very briefly when it is in line i
|
i

with the viewer. If the aircraft is to the side, it is usually
possible to observe two points on opposite sides of the aircraft,
e.g., outboard engine nacelles or wingtips, as they appear to
pass each other. This is the point to take the photograph.

Measurement of Photographic Images: When prints are used, care ;
must be taken to ensure that all frames, including the calibra- !
tion frames, are enlarged by exactly the same amount. When

slides are used, one procedure is to project the slide on a flat,
white screen (a sheet of paper is adequate) about 3 ft x U ft.

The center of the screen should be on a level with the projector
lens centerline and perpendicular to it. Once the projecter is
positioned for a given set of photographs, it should not be moved.
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The size of the projected image of the calibration object is
first measured. Each aircraft image is then measured along a
selected dimension, which will depend on the alircraft type and
orientation. The most convenlent measure of aircraft length is
usually the length of the fuselage. If the horizontal tail sur-
faces are mounted close to the fuselage, the measured distance
may be from the nose to the back of the elevators for overhead
views. This measurement 1s not suitable to T-talled aircraft
where the horizontal tail surface is some distance from the
fuselage, with consequent potential for error. For wingspan
measurements, it is usually most convenient to measure from tip
to tip. For aircraft with tip tanks, the distance between the
tip tank centerlines may be used. The dimension actually
measured should be noted. For alrcraft directly overhead, both
the length and span dimensions should be taken.

Slant-Distance Calculation: The distance from the observer to
the aircraft is given by the expression:

- Lalibration Image Size
Distance Calibration Object Distance x Calibration 553&%5—3353

x JAlrcraft Dimension |
Aircraft Image Size

It 1s most convenient to use the actual dimensions of the cali-
bration object and aircraft in feet and the images in inches.
Note that the dimensions generally listed for aircraft are the
overall length and wingspan. If the dimensions measured were
something different, e.g., fuselage length or tip tank center-
iines, it 1is necessary to scale these dimensions from an accurate
3-view drawing.

OETERMINING THE ADEQUACY OF FIELD MEASUREMENTS

A fleld measurenment program may be concluded when there are
enough data. 'The first check fcr adequacy should be made when
the number of data points (e.g., days for which DNL is available)
1s vne half the number estimated as recessary when planning the
program. Use the procedures described in Sec. 4 to check
adequacy.

If the program is designed to measure DNL directly, recorded
HNL, DNL, and the calibration cffset values should be tabulated

dally, at noon. The noise level monitor data record listings
are described in Pig. 10.
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The englneer should also review the data in the field to identify
any HNL values that were not dominated by aircraft operations

(e g motorcycles, leaving calibrator on during measured hour,
ete.). If the erroneous HNL piased the day's DNL, the HNL should
pe corrected and the DNL should be reconstructed using this

corrected HNL.

If SELs are being measured, the recorded HNLs, the DNL, and the
calibration offset value should also be tabulated dailly at

midnight.
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4. DATA ANALYSIS

The data analysis procedures of this section allow an engineer
to assess the probability that the values of DNL from NOISEMAP
and the values of DNL from fleld measurements are consistent.
When a low probability of consistency is evident, procedures
are sugzgested that help assign the inconsistency to NOISEMAP
or to lnadequacy of measurements.

Analysis procedures are described for DNL synthesized from SELs.
Figure 11 shows schematically the steps for each method. There
may be several passes at thls analysis before the ieasurement
program is satisfactorily concluded. Preferably, the first
pass should be done when one half of the estimated number of
individual measurements (either SEL or DNL) have been made.

A series of worksheets allow the procedures to be accomplished
in an orderly fashion. The discussion that follows is organized
according to each worksheet and its steps. Worksheets 1 through
3 are used for SELs only, Worksheets 4 and 5 for both SELs and
DNLs, and Worksheet 6 for DNLs only. All worksheets are in-
cluded in Appendix B.

WORKSHEETS 1 TO 3: STEP-BY-STEP ANALYSIS OF SELs AND
SYNTHESIS OF DNL FROM SEL

The most accurate method of estimating energy average busy-day
DNL values employs measured SEL values. This method 1s re-
quired if the duration of the field measurement program 1s
limited and high accuracy 1is desired. The analysis process
consists of correlating portable noise level monitor SELs with
individual operations from on-site logs or Tower Logs and
analyzing vhe data in the 5 steps shown in Fig. 1lla.

Worksheet 1 — Match Noise Levels With Aircraft and Operation

Individual orerstions should be ldentified by type of alrcraft
and operation at each site. If there were no direct observa-
tions at a site, which usually occurs, the Tower Log must be
used to establish time correlations and identification of
individual noise events. This 1s a time-consuming, but
important, task.

R T T ey
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a. DNL Synthesized from Measured SELs b. DNL from Direct Measurements
|
{ | WORKSHEET 1 . WORKSHEET 61
b : ARG Colculate Adjusted Daily DNLs
i Match Noise Levels with Aircroft and Average DNL Adjusted for

and Operations Number of Operations

B} |

WORKSHEET 2 WORKSHEET 4
Compute Energy-Mean SEL and Calculate the. N.O|SEMAP
Confidence Intervals for Each Standard Deviation
Aircraft and Operation l

J WORK SHEET 5

Calculate the Probability that
WORKSHEET 3 the DNL from Measurements
Synthesize DNL from Measured SndAihe DIt IienGIISEMAL

SELs and Determine DNL are Consistent

Confidence Interval

'

WORKSHEET 4

! Calculate the NOISEMAP
' Standard Deviation

3!

WORKSHEET 5

Calculate the Probability that
the DNL from Measurements
and the DNL from NOISEMAP
are Consistent

FIG. 11. SUMMARY OF DATA ANALYSIS PROCEDURE FOR COMPARISON
OF DNL FROM MEASUREMENTS AND FROM NOISEMAP.
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To reduce the time (and potential errors) of recopying data from
sheet to sheet, coples of the Tower Log should be used as part
of a Master Log. This Master Log consists of Worksheet 1,
"Noise Level Log" (see Fig. 12), attached to the left-hand

side of the Tower Log.

%,

2.

Fill in the headings for the site, engineer, and
date on Worksheet 1.

Identify nolse events by comparing Tower Log times
and event descriptions with the event time on the
portable noise level monitor paper tape output.

Enter SEL and maximum A-level values from the moni-
tor tape output in the appropriate columns in
Worksheet 1.

a. Mark an asterisk beside all SEL values for
which the maximum A-level 1s less than 9 dB
above the nolse monltor threshold value.

When all events have been identified and all SEL
and maximum A-level data have been entered in the
Master Log, g0 to Worksheet 2.

Worksheet 2 — Energx Average SEL and Confidence Intervals

for Each

Aircraft Operation

1.

2.

Fill in the headings for the site, engineer, and
date on Worksheet 2 (see Fig. 13).

Determine the following for each aircraft and opera-
tion at each measurement site:

+ Number of measurements
« Energy average SEL
« Energy standard deviation

+ 90% confidence intervals for the energy
average SEL.
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Engineer

Measurement Date

FIG.

Site Site Site Site
SEL Max. SEL Max., SEL Max., SEL Max,
12.

NOISE LEVEL LOG (WORKSHEET 1).
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A, A Sl S

Measurement Prﬂrom Sheet___ of ___
Site Number

Engineer

Measurement Date _

No, of . .
Runway A/c Oper. | Meas., SEL; 90%(*3" ik 90%2 ;’ ' g,
n; -
FIG. 13. SEL COMPUTATION SHEET (WORKSHEET 2).
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a. Compute the above quantities using the 3 equa-
tions in the supplement to Worksheet 2, omitting
all SEL values marked with asterisks. Enter the
results of the computations on Worksheet 2.

b. Note that the 90% confiderice intervals about the
energy average SEL will be unsymmetrical when
expressed in dB. The lower confldence interval
will always be equal to or greater than the
upper confidence interval. This 1s a logical
result of calculatlions that involve the energy

mean SEL.

¢. Programmable calculators can be used to perform
the calculations for Eas. 1, 2, and 3 of the
supplement to Worksheet 2. When the nuinber of
measurements per alrcraft and operation 1is 50 or
less, each SEL value can be entered individually
in {he calculator. When the number of measure-
ments exceeds 50, it may save time (and lessen
the possibility of error) to group the SEL
data, per alrcraft and operation, in 1~dB inter-
vals, using the calculation sheet shown 1in Fig.
14, Calculator programs that handle grouped
data can then be used to calculate the needed

quantities.
3. Go to Worksheet 3.

Worksheet 3 — Synthesize the DNL for Measured SEL and
Determine the DNL Confidence Interval

1. Fill in the headings for the site, englineer, and date
on Worksheet 3 (see Fig. 15).

2. Enter the runway, aircraft, and operations for each
type of operation that influences the site.

3. From Worksheet 2 (or from the SEL histogram calcula-
tion sheet shown in Fig. 14), enter the adjusted

energy average SEL.
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Measurement Program

Sheet __ of

Site Number
Engineer

Measurement Date

SEL;

BERRARER

RERRRRR

Ot N W NONDOO=NWEUOMONODO OO

___l
(I
8l
7
6
s_
44
3
2_ ﬂi -
1 SEL;=
A

- .
- 0% c.i.{t =
6
FIG. 14. SEL HISTOGRAM CALCULATION SHEET.
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Measurement Progrom Sheet_—__ of ___
Site Number

Engineer

Measurement Date

Runway | A/C Oper,

Adj. SEL;

N; nj %

From Equations in Supplement

ONL
v

90% c.i. ‘ 8

F16. 15.

COMPUTED DNL AND CONFIDENCE INTERVAL FROM MEASURED
SELs (WORKSHEET 3).
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a. The SEL is defined by integrating the noise
signal over the upper 10 dB of the signal time
history. Most fleld measurements compute the SEL
= by integration over a greater dynamic range, thus
b computing a slightly higher value than obtained by
i integration over only the upper 10 dB. The adjust-
ment applied in this step to the measured SEL
values compensates for this bias.

b. Compute the adjustment by (1) comparing the

: energy average SELjy with the particular nolse-
1 monitoring unit A-ievel threshold, and (2)
1 determining the adjustment from the following

i table.
SEL; — Threshold Level (dB) Adjustment (dB)
<18.0 0
18.1 - 22.0 -0,1
22.1 — 30.0 -0.2
>30.0 -(.3

-

4, From Worksheet 9 on page 81, enter the effective
number of operations for each aircraft and operation
during the "average busy day."

5. Using the 3 equations in the supplement to Worksheet
3, compute the DNL syntheslzed from SEI, which 1is
denoted by DNL(S), the standard deviation, and the
0% confidence intervals for the computed DNL(S).

6. Go to Worksheet 4.

Worksheet 4 — Calculate the NOISEMAP Confidence Intervals
and Standard Deviation

(Note: This worksheet is used for analyses that are based on
DNL synthesized from measured SELs as well as on DNL measured
directly.)

1. Fill in the headings for the site, e¢ngineer, and
date on Worksheet 4 (see Fig. 16).
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Measurement Prggrom Sheet —of
Site Number
Engineer
Date
Frori Worksheet 9 Erom From
Effecti Chort Equoﬁon
. Slant Elevation| Aircraft ective Fig. 17 3
Afrcraft | Runway [Operation| .. No. of
Distance| Angle SEL Oper. |Variance o,
NOISEMAP DNL
Calculated (a)
. 1+
90% Cole ‘ (-)
F16. 16. CALCULATE THE NOISEMAP CONFIDENCE INTERVALS AND

STANDARD DEVIATION (WORKSHEET 4).

49




e e e e e e = et e < S et T PSS by WAy R

‘096°1 = %2 ¢1eagaug

20USPTJUOD $G6 B J0J (GH9°1 = 22 [®Ad23ul 20UIPTIUOD $06 © 204

-y 399ys¥JIOM UC Pa3sIT STIS JO Jaqunu Y3l ST 3 aJgaym

¢ _”u >\ooouﬂ3>o§zewo32.3”_ BoT 0T = °1°9

;948 anTeA

NG pa23ndwod JYWASION 3u3 3noqe STBAJI23UT JOUSPTJUOD PIIBWIISI YL
00K ‘98 5
" = o
3. (=}
2?® X

7 87
(0T/(0)1ING) JoTTIUE YITM pPaj3elo08se UOTIBIAIP PJEBpPUBIS pajeuissd aul

- 9g-gi/(Fa0nYINYA) (0T/ 73S )ToTT2UE dm\/m Yo

ST § 299USHJON UO PIISTT 5T TS UE UITUA
103 uoljelado ydoea Y3ITM PIJBTD0SSE UOTIBTASIP paepuRisS PajBWiIsd UL

# 13IHSNYOM OL LIN3IW3I4d4NS

A
D ernsar i — — 2

L




I AN S

JOURR—————YEL B

TR~ Mpepeer somortm e o .

5.

From Worksheet 9 on page 81, enter the data for pre-
dominant operations that influence the nolse at the
site, including aircraft, runway, operation, slant
distance, elevation angle, SEL at that slant distance/
angle, and the effective number of operations.

Using Fig. 17, determine the variance for each kind
of operation.

Using the equations in the supplement to Worksheet
4, calculate the estimated standard deviation and
the 90% confidence intervals for the DNL computed
from NOISEMAP, which is denoted by DNL(C).

Go to Worksheet 5.

Worksheet 5 — Calculate the Probability that the DNL from

Measurements and the DNL from NOISEMAP are Consistent

1e

2.

F11]1 in the headings for the site, engineer, and date
on Worksheet 5 (see Fig. 18).

From Worksheet 3 or 6, enter the DNL from measure-
ments and the measurement standard deviation.

From’Worksheet 4, enter the NOISEMAP standard
deviation.

From NOISEMAP, enter the site Day-Night Level, DNL(C).

Using the equations in the supplement to Worksheet
5, calculate parameter z.

From Table 1, enter parameter p appropriate to the
value of parameter 2z.

On Worksheet 5, calculate and enter the probability
that the measurements and NOISEMAP are consistent.

Evaluate the resulting probabllity. The procedure

for this evaluation is presented on page 65 directly
after Worksheet 6.
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Measurement Progrom _—— Sheet__. of —

File Number
Engineer
Date

e e i e T T

. Bl s B el W) T el T Mk

From Worksheet 4| From NOISEMAP

From Worksheet 3 or Worksheet 6

NOISEMAP NOISEMAP

Measurement Measurement
Standard Deviation DNL

Standard Deviation DNL

o or 94 | DNL(M) or DNL(S) 9 DNL(C)

[

l i
H

i

)

Calculated
Parometer Z

[ From Table 1
Parameter p

1

Calculated

Probability Equals
2-2

This Value is the Probability that the
Measurements and the NOISEMAP
Predictions are Consistent.

(The Probabilit( that they are not
Consistent is | Minus this Value.)

LITY THAT THE DAL FROM MEASURE-

F1G. 18. CALCULATE THE PROBABI
MENTS AND THE DNL FROM NOISEMAP ARE CONSISTENT

(WORKSHEET 5.
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SUPPLEMENT TO WORKSHEET 5

For the measured DNL, denoted by DNL(M), that is computed from
daily values of DNL (Worksheet 6), use:

1. g = |antilog(DNL(C)/10)-antilog(DNL(M)/10)| ,
o.cz + O.MZ

or for synthesized DNL, denoted by DNL(S), that 1is computed from
measured SELs (Worksheet 3), use:

5. g = |antilog(DNL(M)/10)-antilog(DNL(S)/10] .

2 + 2
voc oS
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TABLE. 1.

THE RELATIONSHIP OF PARAMETERS p AND z.

L

« s p e

.5120
5517
.5510
.6293
.6664

L7019
7357
.7673
.7967
.8238

.8485
.8708
.8907
.9082
.9236

.9370

.9484
.9582
.9664
.9732

.9788
.5834
.98
.9901
.9925

.9943
L9957
. 9968
.9977
9983

4988
.9991
.9994
.9996
. 9997
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Step-by-Step Analysis of DNL from Direct Measurements
(Worksheets 6, 4, and 5)

Measured DNLs for sites can be used directly. However, using
daily measured DNL values directly will usually require a longer
period of measurements to obtain the desired confidence levels.
Also, since DNL contributions by different aircraft or operators
are not identified, less information is available to determine
possible reasons for any sizable differences between measured
DNL and the DNL computed from NOISEMAP. Data analysis of direc-
tly measured DNL follows the three steps shown in Fig. 11b.

(The final two steps are identical to the final steps of the
analysis procedure used for analysis of values of DNL synthe- |
sized from SELs.)

Worksheet 6 — Calculate Adjusted Daily DNLs, Measurement
Variance, and Measurement DNL

1. Fill in the headings for the site, engineer, and date
on Worksheet 6 (Fig. 19).

2. Enter the date and day of the week for each measured
DNL.

3. From the nolse monitor paper tape, enter the day
number and the DNL value.

4., Using Eq. 1 in the supplement to Worksheet 6 and
hourly noise levels (HNLs) for hours without air-
craft operations, calculate the background DNL and
enter the value on Worksheet 6. (The background may
be from other days as long as the levels are valid
for the measurement day.)

a. If hourly noise level data for hours without
alrcraft operations are not available, estimate
the background DNL from other availlable nolse
data.

5. When the measured DNL exceeds the background noise
DNL by less than 10 dB, use Eq. 2 of the supplement
to obtain DNL' (the DNL adjusted for background
noise). If the measured DNL exceeds the background
DNL by 10 dB or more, an adjustment for background
nolse is not required.
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Measurement Program

Sheet.___ of __

Site Number
Engineer
Date
From Paper Tape
Day Effective
of Day Meas, | Bkgrnd, No. of No. Adj.
Date Week No. DNL DNL DNL' | Oper. Adi. DNL
m | @ | B @
(1) From Eq.1 or Other information Calculated
@) F Eq. 2 Measurement Measurement
O Ske Std, Deviation DNL
(3) From Tawer Log Analysis .
(4) Adjustment = -10 log Effective No. of Oper,

Effective Na, of Oper,

FIG. 19. CALCULATE DAILY ONL ADJUSTED FOR BACKGROUND AND NUMBER

OF OPERATIONS (WORKSHEET b).
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6. From analysis of the Tower Log, determine the
effective number of ailrcraft operations per day,
Ns. To determine the effective number of opera-
tions, conslder only the operations of aircraft
likely to influence the DNL at the site, taking into
account the type of alrcraft, mode of operation, and
flight track. Use information from Worksheet 9 on
page 81 to determine the type of aircraft, operations,
and flight track that are relevant.

7. From Worksheet 9 and the supplement, determine the
NOISEMAP effective number of operations Nr'

8. Determine the Number Adjustment for each daily
DNL' value where:
N
Number Adjustment = - 10 log Nl
r

Enter this adjustment value on Worksheet 6 for each
daily DNL'.

9. Add the Number Adjustment to DNL' to obtailn the
adjusted DNL value. Thils adjustment represents the
daily DNL value adjusted for differences between
actual and NOISEMAP number of operations.

10. Calculate the measurement standard deviation and
adjusted measurement DNL using Eqs. 3 through 5§ in
the supplement to Worksheet 6.

11. Go to Worksheets 4 and 5.
EVALUATING THE MEANING OF PROBABILITIES DERIVED FROM WORKSHEET §

The probability derived from Worksheet 5 results from the
combined statistics of the value of DNL from measurements and
the value of DNL from NOISEMAP. The significance attached to

a particular value of the probabllity will relate to the nature
of the decision being made. Thus, if definition of the DNL 75
contour for property acquisition is the 1ssue, probabilities
that range from 90% to Y5% might well be required.
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The probabllity of consistency is related directly to three
factors: (1) the difference between the two values of DNL (the
offset), (2) the variance of the NOISEMAP DNL, and (3) the
variance of the DNL from measurements.#¥

The probability of consistency will be high if the offset and
the two variances are low; it may be high if the offset and the
measured varlance are low and the varlance of NOISEMAP 1s medium
or high.

If the probabllity of conslstency obtained after analysis of

the initial data is too low, the engineer must decide whether
he can increase the probabllity and how to do it. He can use
the three factors to dlagnose the situation.

The first 1issue 1s whether the slituation 1s clear or ambiguous.
Table 2 represents three sets of situations in terms of their
ambiguity and indicates ways to reduce the ambiguity.

The two cases 1n Set A clearly involve results that are not going
to change. The values of DNL are very close, and in Case 1,
error ranges are small; the probability of consistency is high.
In Case 2, the variance of NOISEMAP controls the probability,

but NOISEMAP and the measurements yleld essentially the same
answers.

In Set B, the measurement varlance 1s low, and additional measure-

ments will not help imprcve the probability of consistency.
However, the offset 1s moderate to high. A high offset Indicates
that NOISEMAF 1s describing a different situation than was mea-
sured. If the input on operations and flight tracks are correct
in NOISEMAP, the remaining area for difference is the SEL infor-
mation in NOISEFILE. The NOISEFILE SELs and measured SELs

should be compared and NOISEFILE properly adjusted. (To estab-
lish SEL data from NOISEFILE, use Worksheet 8 in Sec. 5.)

In Set C, the measurement variance is high. Additional measure-
ments are required to eliminate that element of ambiguity. The

case Will become clear (Cases 1 or 2) or, if the offset remains

high, more clearly focused on an issue of high to moderate off-

set (Cases 3 or U).

¥Note that the real value of DNL at a site can be defined more
precisely by increasing the number of measurements, even thouph
the limitation in the accuracy of the NOISEMAP DNL may be fixed
by the practical limitations of the NOISEMAP model. The best
estimate of the DNL at a site 1s discussed in the next section.
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TABLE 2., THE USE OF RESULTS FROM DATA ANALYSIS TO IMPROVE UNDERSTANDING
OF THE RELATIONSHIP BETWEEN MEASUREMENTS DNLs AND NOISEMAP DNLs
VARIANCE.
Measured NOISEMAP
Case | Probability Offset vari Yarlaner Comments
A. Clear Cases — No Further Analysis Required
1 |High Low Low Low There is high con-
sistency.
2 | Moderate-high | Low Low Moderate-high The lack of con-

B. Ambiguous Cases

— NOISEFILE SELs in doubt

sistency is due to
NOISEMAP and cannot
be improved.

3 | Low High Low Low Measurements will
not help.

L | Moderate Moderate {Vow Low to moderate | The inconsistency
is due to basic
noise values.

Check NOISEFILE
SELs against mea-
sured SELs.
C. Ambiguous Cases — More Measurements Required
b

S | Moderate Low High Low Make more measure-
ments. The results

6 | Moderate-low pModerate [High Low T e

T | Moderate Low High High or the ambiguity re-
duced to that found

8 | Low High High High in Cases 3 or b,

6]
-
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Thils analysis approach should be used for the data from each
site. The analysis results are likely to vary from site to site.
| The basic characteristics of the variance of NOISEMAP give an

: indication of the nature of the problem to be addressed.

THE "BEST ESTIMATE" OF THE DNL AT A SITE

A remaining question concerns the real value of DNL at a site.
The measurements and NOISEMAP present values of DNL. Each has
an assoclated error range. The best estimate of the value of
DNL can be computed after the engineer has achleved the highest
possible probability of consistency by following the analysis
procedures Just discussed.

Taking the values of DNL from measurements and from NOISEMAP as
well as their variances, compute the best estimate variance,
the best estimate DNL, and the 90% confidence interval of the
best estimate DNL using the following equations.

Note: Combining the measured DNL with the NOISEMAP DNL to

obtain the best estimate should be done only Zf there 1s no
reason to suspect any mistakes or errors in the measurements

and NOISEMAP computations. For example, if field observations
lead one to suspect that incorrect flight track information was
used in the NOISEMAP computations, the NOISEMAP DNL should not

be combined with the measurement DNL to obtain the best estimate.

a. For the measured DNL syntheslized from SEL values,
using information from Worksheets 2 and 3:

]
DRL = 10 log [n antilog(DNL(Sr)l/.;L’O);!l antilog(DNL(N)/;O)]
5 (n-1l)e 8% (2-1)0,,2
3° = S c

n+ ¢ -2

And the 90% confidence levels for DNL are:
c.1. = 10 log [antilog (DRL/10)#1.6450/YA¥t |
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For the measured DNL computed from daily DNL values,
using information from Worksheets 3 and 4:

=) .
DNL = 10 log [m antilOS(DNL(M)/;Oi i antiloj(DNL(M)/lO)]
2 2
02 - (m‘l)UM + (2—1)00

m+ L -2

And the 90% confidence levels for DNL are:
c.i. = 10 log [antilog (DNL/10)+1.645¢ m+2].

63

Wi

o it St i n -

E S =




ot

5. DETERMINING MAJOR CONTRIBUTORS TO NOISEMAP DNL VALUES
AT SPECIFIC SITES

NOISECHECK procedures rely on limited analysis of the alrcraft
noise information used by NOISEMAP to (1) predict the SEL at a
point for comparison with measurements at that point and (2)
determine the operations that contribute significantly to
exposure at a point. This procedure requires accurate recon-
struction of aircraft flight profiles from NOISEMAP chronicles
to estimate NOISEFILE SEL values.

NOISEFILE SEL VALUES

Nominal SEL values for most military aircraft have been deter-
mined as a function of slant distance. The compilation of
these data is called NOISEFILE. The data are available as
computer tape files* and in Air Force Report AMRL TR-73-110,
"Community Noise Exposure Resulting from Aircraft Operations:
Acoustic Data on Military Aircraft" (1977). This report pre-
sents noise level vs distance data for takeoff power, cruise
power, and approach power for each aircraft. Additional list-
ings are presented for special power settings, such as after-
burner and water injection. The report also presents an SEL
adjustment for power settings and speeds that are not identical
to the nominal values.

NOISEMAP AIRCRAFT OPERATIONAL PARAMETERS — GENERAL

Operational input information describing each individual air-
craft mission is listed in the NOISEMAP chronicles and DATASCREEN
summaries. The number of operations for each is summarized, but
other parameters appear in the chronicles in the order in which

the input data package was assembled. The parameters used to
reconstruct NOISEMAP SEL values are:

+ Flight tracks
* Altitude profile
+ Delta SEL.

®Contact the Air Force Aerospace Medical Research Laboratory,
Biodynamic Environment Branch, Wright-Patterson Air Force Hase,
Ohio U5433.
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DETERMINATION OF SELs AT A SITE

Two types of worksheets are used to determine SELs at a site.
Worksheet 7 shown in Fig. 20a provides a summary of NOISEFILE

data.

liorksheet 8 shown in Fig. 21 consolidates the information

for a particular aircraft and operation (e.g., KC-135A, pattern)
and ylelds the SELs ¢t sites of Interest.

STEP-

1.

II.

BY-STEP ESTIMATION OF NOISEFILE SEL VALUES

Use Worksheet 7, shown in Fig. 20a, to list SEL data from
Air Force Report AMRL TR-73-110 that is pertinent to each
alrcraft and mission. (See filled-in example in Fig. 20b.)

A. Enter operations type for the alrcraft tabulated
at top of table (e.g., operation/power settings:
TAKEOFF in Fig. 20b).

B. Enter aircraft type in first row of table. (There
may be multiple entries because of different var-
ieties of takeoff procedures, for example.)

C. Enter the pertinent aircraft code (ACC) and opera-
tions code (OPC) in Row 2 (e.g., 026/102 in second
column of Fig. 20b).

D. Enter the corresponcing power setting for the opera-
tions in percent, engine rpm, and/or exhaust pres-
sure rating (EPR) in Row 3 (e.g., 96%/2.85 in second
column of Fig. 20b).

E. Enter the corresponding airspeed (knots) in Row 4
(e.g., 200).

F. Enter the SEL (dB) tabulation as a function of the
slant distance tabulated with the left-hand column.
Note: Summaries of both alr-to-ground and ground-
to-ground are regquired.

Complete a Worksheet 8 to include altitudes, lateral dis-
tances, NOISEFILE SELs, Delta-SEL profiles, and numbers
of operations for each aircraft in the NOISEMAP chronicle
that could affect the measurement sites. See Fig. 20b for
an example of a completed Takeoff form for a KC-135A
pattern takeoff operation.
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Measurement Program
Sheet of

Engineer

Date

ir-To-Ground Propagation, Operation/Power Setting:

A/C Type

ACC/QPC

RPM/EPR

SintDist(ft)

Kngts

200
250
315
400
500
630
800

1000
1250
1600
2000
2500
3150
6000
5000
6300
8000

10000
12500
16000
20000
25000

Ground-To-Ground Propagation, Operation/Po

wer Setting:

A/C Type

ACC/0PC

RPM/EPR

SintDist. (FD)

Knots

200
250
ns
400
500
630
800

1000
12540
1600
2000
2500
3150
4000
5000
6300
4000

10000
12500
16000
20600
25300

FIG. 20a. NOISSFILE SEL SUMMARY (S59°F, 70% R.H.) (WORKSHEET 7).
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: . Measurement Program
Sheet _ of

Engineer
Date

Air-To-Ground Propacation, Operation/Power Setting: 7 se/ oFs
AJC Typellecssl ke [n06 | 4237 1737 | 739 | 738 | 7-35 Jennos
| ACC/OPC 2|50y ° B\ %5, |9 355557 o | L% 9
gpmsepr | B9 | s |"As7lioo | 99 J10r |10 | 100 |4
Knots 200 |00 | 120 | 300 | 170 |02 | an ('80 [ /30

200 128.60126¢9§129.9]1315,2]107.2)123.8]115e1 ) 432,¢] 39.3
250 127.1]125.6]128.6[113,9[105.0[122.0/2139]431,4] 97,2 ;
315 125.6]12%.2]127, 6 | 112.7 [104e8] 120,10 {122.86] 99,9] 96.1 ;

S1ntDistif t)

400 126.2]122.8]12601 [121,3[203.6]/118.3{111.3 [ 108,8] 9.9
S00 122.71128e0 ) 22007 1110,0 [10242]|186.6209.9]107,3] 93.7
630 131,2[120,0]123.3{108.5 [100.9]2116.6(108.5]405,9] 92,8
800 119.8(118.51121.9]107,0 ] 99.4]112.9]16740 [104,4) 3141

1000 118.2/417.0{120s% [ 105,84 | 97.9[111.21105.4 [102.9] 898 ;
1250 116,6[115.5]128.8 103,27 | 96.31109.5{103.61101,.3]| 88,4 ]
1600 115.0)113.8|117.1{103,9 | 94.6|107.8/101.8 99,8 | 35.9
2000 113,2{112.1{115.3} 99,9 92.8{106.0f 99.9] 97,8 85.4
2500 111,46 120.3[ 1234 97,8 90.9[106.0] 97.8 35,8 | 8%.8 !
3150 109,06 {1086 111.06 95,5 | 88.9/102,0] 95.6/) 93,8 | 82.1
4000 107.3]106.4]1209.3) g93,2| eb.7] 99.9( 93.2| 91,6 | 89,0
5000 105.0]206.21107.01 90,6 8beu] 7,61 3046 83,3 [ 79%.5
6300 102.6101.3|106,5{ 87,9| 81.9] S5.2| 87,9 86,3 | 75.5 i
]

8000 100.0[ 99.6]108:9] a8y, 9] 79.2] 925 85.0 84,2 | 74,3

10000 97.2) 96.7| 93.1] 81,8 762| 83.61 84,8 81,y | 22,4
12500 Sbe1] 9348 9600 rg.uf 7340) B6eu| rg.u ) 78,3 gq,8
16000 90.9] 90.7) 9248 ru,7| 69061 83 2} pi 8] 7501 g7,
20000 87.6] 87.3] 89.2] r0.9| 65+7] 79.6] 74,0 ’lll.:: 85.1
25000 83.6) 83,7 85.t| ge.8] B1.6) 758} kg, 91 "N} g0,y

Ground-To-Ground Propagation, Qperation/Power Setting:
A/C T.YT'QE(CGF menn® 1685361 A.32 |7-3%32 [5-té [roag | 7.7 |Jov0e _
TN SR AP AR A AR AR !
RPU/EPR | 7% ol "] Hr 100 | 29 lrog ton | o 18322 ‘
Knots 20. |2ce | 170 e | P70 | Y00 | 200 |15 | 17O

e m o

SintDist.(FO

250 L1l120.6) 123.6)208.3 1010} 137,0]2P8.9(106.1] 92.2
318 :;:.: 119,2 | 122.%[107.7 ¥49.8) 195, 4[107.6 104,39 gloll
w00 119.1/117.8( 12041f206.3 ] 98.6{135,34105.3|103.6¢ 89.9
500 117.2(116.6 | 119.2{208,0 | 97:2] 11y, 100.9]202.2} 88,7
630 116.2f110.9] $38.3{103.5 | 95:9[109.6{103.5[200.8 87,
800 116.81313.5) 116.8/102.0 ) 9%e4i197,9{102.0] 90| 86,8

1000 113.4]111. 0 115.3)100.4 | 92:9)306,2/200.3] 37.8; Bu.7
1250 111.3/110. 3] 113e7| 90,7 | 9220 10u,0 ] 98.6[ 96.2] 83.2
1600 109.5(108.5 | 122.0] 9%.8 | 8951302, 6] 967 k.t 81.6
2080 107.6]106.7 | 11041] 9.8} 87.61.59,7| 94e8] 92.6( 79.9
2%00 105, 3{104,5 | 108.1] 92.7 :;: 9.6 ::.g ::: ;;:

5 .1]205.8] 90.3 2] 98,2 5 . .
e e 80.4] 93,51 87.6) 85.31 73.0

200 fl a3.6l121.9] 120.9l100.2 (1022 1y 110.0]107.6) 93,3 l
1
{
|
1t

«000 90.4| 99,2 ]103.1] 87,6
5000 98,7 qs:f 100.0] 8u.s | 77.2| 90.2| 86.uj 82.1) T0.0
6300 91,5| 92.01 96.5] 01,0 73.8] sg.o| 81.0] 78.5| 667
8000 07.4| a7t 93.3) 77.8 70.3] a3.3) ?7.5] 75.2] 63.7

83,7 89.7] 23,2 | 668 29,6 73,2 7Tie44 ma,0
‘::“: 79.1 ::: es. 21 69,85 62.5] 78,0 | 6a.5] 87.3] €5 q
1250 73.9| rac2 | 83.3) suor | s7.9f recr ) wulr| 82071 o,
LBLT9 603 pont ] 7een] sa.n | s2.7] esiu| sac] 97eS] Lals
5:::: 82,3 g5ty | 70.8] saiu | weesf sacs | sslol s1e] w2

#Values listed do not reflect the NOISEFILE revision made in February 1980
for an improved model of sound duration as function of propagation distance,

FIG. 20b, EXAMPLE OF COMPLETED NOISEFILE SEL SUMMARY (59°F,
70% R.H.) (WORKSHEET 7).

67




e e e

Measurement Program

PR

Sheet __of

Site Number

gngineer

Oate

Aircraft Type

Operation

Mission

Altitude Profile Code

Power Profile Code

From Map
From NOISEFILE SEL
Distances (feet) From Chronicle orksheet 7 + 4 SEL
Lateral |Downrange | Noise Slant NOISEFILE Aircraft
Site |Altitude | Distance | Distance profile | & SEL Distance SEL SEL
Use_Eq.\
in
Supple-
ment
;'
!
Use an Worksheet 3 or for AlRCRAFT
SEL from NOISEFILE
FIG. 21. CALCULATION OF SLANT DISTANCE AND AIRCRAFT SEL
AT SITES (WORKSHEET 8).
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Search chronicles for listings such as that shown
below and, for each A/C type and operation, trans-
fer the altitude profile (ALT PROF) and power profile
(POW PROF) pertinent to each mission number. Trans-
fer also the nolse profile (NOISE PROF) appropriate
to each site that is within the prescribed flight
track limits.

Takeoff Descriptor Class No. — 261 A/C-KC-135A
Mission No. — 2
ALT PROF — 2612

POW PROF — 2612
TURN RAD — 6000.0 ft

SUBFLIGHT NOISE PROF TRACK LIMITS (FT) ;
262 0.0 to  27,000.0 |
2 263 27,000.0 to 1,000,000.0

From the Flight Operations Summary by Aircraft in
the NOISEMAP chronicles, enter, for the aircratt
selected, the total of day and night numbers of
operations for the listed operation and mission
number appropriate to the flight tracks near the i
measurement sites. For example, in the KC-135A '
summary from the NOISEMAT chronicle shown in Fip. i
22, the measurement sites nearer to Runway 14 are i
identified by mission number, and only nunbers of 1
approach operations near the measurement sltes must |
be extracted because of this site/runway confijyura- ;
tion. However, for sites nearer Runway 32, the
daytime number of stralpht-out takeoffs for mission
No. 2 would be 0.120 + 0.901 + 0.720 + ... = 2.581.
Cursory examination of the chronicles of individual
AL'l' and POW profiles pertinent to missions 31 through
35 (for the KC-135A) shows that their profiles (see
Fig. 22) are identical. Furthermore, description (buy
runway number) in the chronicles of the flight tracks
for these missions indicates that all of these mis-
sions are pattern flipghts (see Fig. 22). Thus, the
sum (8.602) of the individual daytime operations s
entered for KC-135A approach pattern mlsslions 31
through 35 over sites closer to Runway 14,
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C. Prepare a map showlng runways, measurement sltes, and
flight tracks for missions.

D. Indicate altitudes for each mission.

E. Draw lines through each slte and perpendlicular to the
flight track.

F. Enter down-range distance from start of takeoff roll,
altitude, and perpendicular distance in Worksheet 9.

G. Using Eq. 1 in the supplement to Worksheet 8,
calculate the slant distance from the perpendicular
distances and the altitudes anc¢ enter in Worksheet 8.

Note: An altitude proflle code of "¢" Indicates

that the profile 1s that of the gllde slope for that
runway and assumes that the alrcraft 1s 50 ft above
the runway at its threshold. The plide slope 1s
listed in the chronicles within the runway descrip-
tion immediately followlng the runway number heading,

as shown below.

R UNWAY 14
LENGTH 11H29,6 FTy GL. SLOPF 2,50 DEG. HEADING 1464,6 DEG
START (15346]0.0¢ 674620.0)¢ FND (1644320.00 664260.0)
DISPLACEMENTS - TAKEOFF 0.0y LANDING 0.0
B BLaEB000ULNNO0DOB000000000NECE0NUONEOICPIDUDEBOOIBBODBAIDIBS

H. Consolidate onto one sheet (for a given aircraft
type) any grouping of ALT and POW profile numbers
which, while different in number, are identical in

actual profile.

I. From the NOISEMAP chronicle, enter the Delta-0iEL
profile data corresponding to the approprilate down-

range distance.

J. Enter the Noise Profile pertinent to each site by
referring to the track limits and correspondinsy

nolse profile in the chronicles.
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Using Eq. 2 in the supplement to Worksheet 8, cal=-
culate the angle above the horizon, 8. If angle B
from any site is less than 7°, enter this in paren-
theses beslde the Nolse Proflile Code for that site.

Calculate the NOISEFILE SEL and A/C SEL for each
site, given the Noise Profile Delta-SEL on the sheet
and the ACC/0PC Codes from Fig. 20.

1.

For 3-digit Noise Profile Codes, the 2 left-most
digits of the Noise Profile Code are the 2
right-most digits of the ACC Code. The right-
most digit of the Noise Profile Code is the
right -most digit of the OPS Code. Enter the
NOISEFILE SEL Summary (Worksheet 7), and select
the appropriate column (from the ACC/OPC Code
shown) .

For Nolse Profile Codes with more than 3 digits,
the corresponding ACC and OPC Codes are simi-
larly extracted; for nonobvious contractions or
relationships, refer to the code numbers in
Appendix B of Air Force Report AMRL TR-73-110.
From the code numbers shown therein and their
corresponding air speeds (knots) and Power
Conditions (rpm/EPR), cross-check to the appro-
priate column already generated in the NOISEFILE
SEL Summary, Worksheet 7.

Given the slant distance appropriate to each
aircraft and site, find the NOISEFILE SEL from
the appropriate column(s) by the formula:

= > [+
SEL = SEL, . for 8<k

SEL, ~ = SEL,_.) x (B-4)
SEL = SELg_g e — o)

for 4°<p<7°

= (-]
SEL = SEL,_; for B8>7
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1. For interpolation at distance D_ between
shorter distance D1 listed and éreater
distance D, listed, use the formula:

Log(Dx/Dl)
SEL, = SEL, - (SEL,-SELz) ToE(D. 75,7

ii. Tabulate on Worksheet § the NOISEFILE SEL
values thus determined for each site, add
the corresponding Delta-SEL corrections to
vield the A/C SEL, and enter these also on
Worksheet 8,

This concludes the procedure for estimating the SEL at a point
from analysis of NOISEMAP and NOISEFILE data. This "NOISEFILE
SEL" may be used three times during NOISECHECK: (1) to esti-
mate the "partial DNL" from individual types of operations at

a site so that the relative importance of various operations can
be assessed during the planning phase (Worksheet 9) (see Fig.
23); (2) to estimate the variance of NOISEMAP during data analy-
sis (Worksheet #4); and (3) to seek out reasons why values of

DNL from measurements differ from NOISEMAP values of DNL.

Step-by-Step Procedure to Determine the Significant
Contributors to DNL at a Site

l. Complete headings for program, site, engineer, and
date.

2. From Worksheet 8, transfer the following data for
this site: aircraft, operation, mission number,
alrcraft SEL, and numbers of operations.

3. Using Eq. 1 in the supplement to Worksheet 9, cal-
culate the effective number of operations for each
operation and enter on Worksheet 9.

4. VUsing Eq. 2, calculate the partial DNL for each
operation.

5. BRank order operatlons in terms of decreasing DNL.

6. Using Eq. 3, list "total DNL through rank" for
each operation (i.e., for the operation ranked
2, this is DNL, + DNL,, and for the operation rank.d
3, this is DNL; + DNL, + DNL,, etc.) until the total
is within 0.3 dB of the NOISEMAP DNL for this site.
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Measurement Program Sheet __ of __
Site Number

Engineer

Date

Calculated

Effective Total ONL
Numbers of | Partial | Rank | Through
Dperations ONL Number Rank

|
i
ﬂ
3
¥
From Worksheet 8
Afrcraft Day Night
Afrcraft| Dperation} Mission SEL Operations | Operations
Use
quationg
] in
3 Supple-
E ment

e oo o

15

FIG. 23. STEP-BY-STEP ESTIMATION OF THE RELATIVE IMPORTANCE
OF OPERATIONS AT A SITE (WORKSHEET 9).
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All operations contributing to this total should be
considered significant contributors to the site DNL.
SEL data should be obtained for these operations
during NOISECHECK.
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APPENDIX

ATRCRAFT TOW:R LOG

A: LOG SHEETS

Date

Runway(s)

Installation.__ . .. ...

- —-— -
-

OPERATIONS i
TiWE AIRCRAFT - -
1
Other fRunway | T/O* WApproac] T8 G| Ciher
e —r—n— e =3 "N — 2 SRR e DRV S e
Pt u Si= i
{ -4 it
et ol el B Y - 1
- S I U i B I R 9
—— e ]

*Tokeoff SO - Straight Out R - Right Turn

P - Pctten

Daporture

L - Left Turn
Deporture
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SI - Straight In

P - Pottein
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ATRCRAFT MAINTENANCE LOG

Aircraft
Type

e |

Aircraft
Orientation
on Runup
Pad

e

e

Time

Power

Setting

Start
to

Setting | Setting

End
at

Measurement
Sheet __ of
Installation

Date

Runup Pad
or Test Cell

Program

e e e

Total Time
at
Setting

Comments

g T S

Py e p— )

. o | e e e i o e e e o -
e e e e e e rronmi e e
— e — P NEE— Sl th
— - —— P - e e e
B VR PR S it

= e

—— — - PEENENR SIS s - ——— o
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APPENDIX B: CHECKLISTS

AIRCRAFT TOWER LOG PROCEDURE

-~ O U =

Log every aircraft movement that affects the measure-
ment area.

Use check marks for aircraft types listed. Identify
others.

Describe the alrcraft operation with the code letters
listed at the bottom of the form. Note that for
touch-and-go or flyby operations, entries are required
for both approach and takeoff. Include under "comments"
the flight track identifications.

List the time at which the aircraft passes the tower.
Begin a new sheet at start of new duty day (midnight).
Note any runway changes at the time of change.

Indicate under "comments" if the practice pattern was
radar controlled (R) or visually controlled (VFR).
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AIRCRAFT MAINTENANCE AND RUNUP LOG PROCEDURE

1. Log every maintenance runup.

2. Use a separate sheet each day for each runup pad or
test cell.

3. List the power setting for each test segment as well

as the start time and end time at that setting (hours,
minutes, seconds).

4, 1Indicate under "comments" any unusual occurrence
during a runup.
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INITIAL INSTALLATION OF PORTABLE NOISE MONITOR

In the fileld, initial installation of the unit involves 18

steps.

1e

Erect tripod to its full height, install microphone
holder vertically, place microphone in holder,
connect microphone cable to monitor, place calibra-
tor on microphone, switch on calibrator, switch on
monitor, and wait 30 seconds.

Calibrate (Set-0-Enter).

Read level (Read-l-Enter). If the level indicated
in the display is different from 114.0, recalibrate
(Steps 2 and 3).

Read the Cal Offset (Read-29-Enter). The value should
be between 20 and 23. If the value 1s over 100, the
microphone is not connected or the calibrator is rnot
on. Check and repeat the calibration {Steps 2 through
4). The unit is now calibrated.

Disconnect microphone cable and turn off the callbrator.

Set time 15 seconds before an integer minute (Set-2-
Enter HH.MM). At the minute mark, press Enter.

Read the time in hours and minutes (Read-2-Enter) and
in minutes and seconds (Read-U40-Enter). If the time
is incorrect, repeat Steps 5, 6, and 7.
Set header information:

+ Day (Set-9-Enter-XX-Enter)

« Locaticn (Set-1-Enter-XX.XX-Enter)

» SEL Threshold, if other than 60 dB (Set-5-
Enter-XX.XX-Enter)

+ Print SEL (Print-l-Enter).
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9. Print status and activate monitor (Print-0-Enter).

10. If status is in error, Set-24-Enter, recalibrate,
and change the particular item (e.g., SEL threshold
or time), and print status again (Print-0-Enter).

11. Verify all three switches set to right ("On," "A,"
"Slow").

i 12. Check battery voltage and pa,er supply to make sure
the monitor will last during the planned unattended
measurement period. Put desiccant packages in.

E 13. Select measurement slite and security method. The
] microphone should have unobstructed "view" of the
aircraft, and the monitor should be inconspicuous
iy and near a post or tree.

14, Chain monitor to the post or tree with two padlocks,
[ one for a chain loop around the stanchion and the

| second for a chuin loop around the monitor. Keep
the chain loop around the monitor under the handle
and as tight as possible to discourage theft.

15. Position microphone.

3 16. Install windscreen.

i 17. Connect microphone cable input.

18. Cover monitor with plastic bag for rain protection,

and secure microphone extension connector under cover
if possible.

Servicing Units

The engineer should visit the noise level monitor once a day
for several reasons: collecting data records, checking on
correct operation, recalibrating, and coniirming the unit's
security.*

#*Measurement errors due to drift of the monitor pgain can be
minimized by recalibrating Just after midnight. <Calibration
at that time reduces the drift gain blas of dally DNL reports.
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CHECKLIST FOR SERVICE VISIT TO PORTABLE NOISE MONITOR

A service visit to the unit involves 20 steps:

ll
2'

10.

1.

Disconnect microphone input.
Unlock box, leave lock on chain.

Open box, print status (Print-0-Enter). Annotate
any unusual circumstances.

Inhibit (Set-24-Enter).

Place calibrator vertically on the microphone, re-
connect microphone input, walt 30 seconds.

Recalibrate (Set-0-Enter).

Read level (Read-l-Enter). If other than 114.0,
recalibrate again (Step 6).

Read CAL offset (Read-=29-Enter). If more than 0.2
dB different from previous status (Step 3), recali-

brate again (Steps 6, 7, and 8) until CAL offset
repeats itself.

Remove calibrator, disconnect microphone input, wait
10 seconds, check to see if sound level 1s below
threshold (Read-l-Enter).

Check time (Read-2-Enter); if incorrect, enter new
time (Set-2-Enter-HH.MM-Enter), then reset (Print-
0-Enter).

Do paper wvork.

* Pull about two 1nches of paper from printer
and tear off.

« Remove left battery. (Caution: Do not dis-
connect both batteries at the same time.)

+ Remove spool.
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13.

14,
15.

16.

17.

18.

19

20

* Remove paper from spool.
Reinstall spool.

* Check paper supply. If less than required for
next time period, replace with new roll.

*  Lower printer 1lid. (Caution: Make sure paper
release level is down and paper roller is in
slots.

* Reattach paper to spool.

* Replace left battery.

* Take up slack (Print-O-Enter).

Verify that battery voltage is adequate, 0.2 to 0.3 V
needed per day, 5.6 V minimum.

If header is incorrect (for example, wrong location),
make correction and reprint status (Print-O-Enter).

Check switches (all should be to the right).

Check and replace as necessary the desiccant packages.

Put calibrator in box, close the lid carefully with-
out force.

Redo chain through handle, keep tight around box.

Reposition microphone pointing at aircraft; reinstall
windscreen.

Recover box, reconnect microphone input, secure
connector under cover if possible. (Caution: De
not leave box upside down or at angles greater than
45 degrees).

Leave site quietly.
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APPENDIX C: WORKSHEETS
T v
Measurement Date
Site Site Site Site
SEL Max. SEL Max. SEL Max. SEL Max,
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WORKSHEET 2
SEL COMPUTATION SHEET

Measurement Program

Sheet___ of ___

Site Number
Engineer

Measurement Date

No. of . .
Runway | A/c | Oper. | Meas., |  SEL; 9°°/°(+§-'- 9°°/?_§-'- q,
n;
88
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SEL HISTOGRAM CALCULATION SHEET Bgaturameni Progiim.. Sheel 6fe

Site Number
Engineer
Measurement Date

SEL;

—

IRERRRRR

Trrrrrn

Qert N & NN OO =N G & thO OO OO

~——
] .
7
6.
L
4l
3_
2l n; —
c‘» SEL;=

- % %
: e |t T
é
2

TTTT
|
|
i

90

—

i




e

L e e ey e S

’

WORKSHEET 3 Measurement Program Sheet___ of
COMPUTED DNL AND CONFIDENCE 5
INTERVAL FROM MEASURED SELs Site Number
Engineer
Measurement Date
Runway | A/C Oper. | Adj. SEL; N; n; o;

From Equations in Supplement

ONL

(/4

90% c.i, ‘ ft;
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WORKSHEET 4 Measurement Program Sheet —of—. .
CALCULATION OF THE NOISEMAP CONFIDENCE | Site Number
INTERVALS AND STANDARD DEVIATION Engineer
Date
From Worksheet 9 From From
e oot Chart | Equation
Slant |Elevation| Aircraft ective | Fig. 17 3
Aircraft | Runway [Operation . No. of
ircr y VP Distance| Angle SEL Oper. |Variance o,
NOISEMAP DNL
Calculated ¢
90% c.i (+)
LRy (-)
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WORKSHEET 5

CALCULATE THE PROBABILITY THAT
THE DNL FROM MEASUREMENTS AND
THE DNL FROM NOISEMAP ARE

CONSISTENT

Measurement Program

Sheet__of ___

Fi!a Number

Engineer

Date

From Worksheet 3 or Worksheet 6

From Worksheet 4

From NOISEMAP

Measurement Measurement NOISEMA NOISEMAP
Standard Deviation DNL Standard Deviation DNL
% or M DNL(M) or DNL(S) o, ONL(C)

Calculoted

Parometer Z

L

From Toble 1

Parometer p

:

Calculoted

Probability Equals
2 -2

This Value is the Probability that the

Measurements and

the NOISEMAP

Predictians ore Consistent,
(The Probobilit( that they are not

Comsistent is

Minus this Value.,)
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SUPPLEMENT TO WORKSHEET 5

For the measured DNL, denoted by DNL(M), that is computed from
daily values of DNL (Worksheet 6), use:

lantilﬁg(DNL(C)/lo)-antilog(DNL(M)/lO)l R

2 ., 2
Oc M

1. z =

or for synthesized DNL, denoted by DNL(S), that is computed from
measured SELs (Worksheet 3), use:

3. 7 m |ant1log(DNL(M)/10)-antilog(DNL(S)/10]

2 + 2
OC OS
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Measurement Program Sheet _ of _

WORKSHEET 6
CALCULATE DAILY DNL ADJUSTED FOR Site Number
BACKGROUND AND NUMBER OF OPERATIONS Engineer
Date !
H i
{
From Paper Tape
! Day Effective
! of Day Meas. | Bkgrnd, No. of No. Adj.
| Date Week No, DNL DNL DNL' | Oper. Adj. DNL |
| m | @ |6 @ B
! 4
_'l ‘ I
| |
- ; ol
B
i
)
B
1 |}
| '
i
i
(1) From Eq.% or Other Information Colculated
£ Eq. 2 Measurement Measurement !
(2) From Eq. Std, Deviation DNL ;,
(3) From Tower Log Analysis L
4) Adjustment = =10 log Effective No, of Cper, i
i

Effective No. of Oper.
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WORKSHEET 7 Measurement Program
NOISEFILE SEL SUMMARY Sheet of

! Engineer 1
; Date

Air-To-Ground Propagation, Operation /Power Setting:
-l A Type

08
2%
ns 2
(11} 3
L1111} A
(31 3
(1] ] '

i e s ST
S

1000
8 1299
16040
L 2000
2930
3188
(Y11}
' (11])
83990
f 9008

% 1900
12909
b 16000

: 0000
25000

ey S
.

Gesund-To-Ground Propagation, Operstion/Pover Setting:
] <] A/C Type | ]
ACC/0PC o .

Sl apwvean | ! ] ’
Eg Knots ! 0 | !

= 200

3 £41]
ns
! (Y]]
1 900 1
830 ]
"

- o Y

1000
1294
16040
1000
1500
1199
‘e
000
(211
(111

IR

g
|

i 199030 !
H 198 F] )
h 13330
28¢90
HTH
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NORKSHEET 8 Measurement Program eet __ of _
CALCULATION OF SLANT DISTANCE AND |Stee Number ,
AIRCRAFT SEL AT SITES Engineer ;
Date ;
Alreraft Type
Operation
Migston
Altitude Profile Code
Power Profile Code i
!
From Mep '
From NOISEFILE SEL
Oistances (feet) From Chrontcle dorksheet 7 * 4 SEL
Laters! |[Downrange | Moise Slant NOISEFILE Afrcraft 3
Stte [Altitude | Distance | Distance | Profile | 4 SEL Distance SEL SEL D
i
s
Use Bq.) -,'
L] " b
Supple- "
rant
I .
| | | !
I 1 1
| | e |
i | i i
? ﬂv ! | 4
; u 1 |
:
|
1 |
Yse 0A WOFLAmeQt P ar ‘e RIICRAFT
$EL feom WOUISEFILE
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WORKSHEET 9 Measurament Program Sheet __ of __
STEP-BY-STEP ESTIMATION OF THE RELATIVE Ty
IMPORTANCE OF OPERATIONS AT A SITE .
Engineer
Date '
Calculated
From Worksheet 8
Effective Total oML
Afrcraft Day Nignt Numbers of | Partial | Rank Through
Afrcraft| Operation| Misston| SEL ! Operations| Operations Operatfons | OML  |Number | Rank ]
Use
fquationy
in
Supple-
ment
= ?
§
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_ INFORMATION




AFAMRL-TR-80-45
ERRATA

Page 50, Equation 1 should read:

0j = Nj fantilog (SEL; + VUARIANCEi)/IO - antilog (SEL4/10)

Page 58, Equation 3 should read:

aJ
c.i. = 10 log lantilog (DNL(M)/10) + z_ _.;'11




|
‘

e

17 August 1981

This errata sheet for AFAMRL-TR-80-45 supersedes the previous errata
sheet that dealt with corrections to equations on pages 50 and 58. The
equation on page 58 was changed with a square root of m instead of m in
the denominator. Although the equation on page 47 gave the correct
confidence intervals as they are printed, the intermediate step gave a
wrong answer for Tge This Oy is used later in page 53 to determine the
probability of consistency of the DNL values.

If you have any questions regarding this errata sheet, feel free to
contact me at AUTOVON 785-3664 of commercial (513) 255-3664.

RotertQ Joo

ROBERT A. LEE
Biody:iamic Environment Branch
Biodynamics & Bioengincering Div




‘% AFAMRL-TR-80-45

ERRATA
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Page 50, Equation 1 should read:

/ o5 = Ni [antilog ’SELi + JVARIANCEi)/lO - antilog (SELiIIO)]
Page 58, Equation 5 should read:

c.i. =10 log [antllog (DNL(M)/10) * zcoM/m]
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Page 47, Equation 2 should read:

1
86,400 \[i=1 N 9%

ag

i and Equation 3 should read:

r
IC log | antilog (DNL(S)/10)

c.i.
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N
0
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po
c.i. =10 log | antilog (DNL(S)/10) ¢ Z o lﬁ]
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