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INTRODUC TION

Title IV of the Clean Air Amendments of 1970 (PL-91-604) required the

Administrator of the Environmental Protection Agency {El°A) to prepare

a report on noise for submission to the President and Congress. This

document is the basis for the section of that report devoted to Federal

noise abatement and control programs over the past two or three years.

To collect the necessary data, the Director of the Office of Noise Abate-

rnent and Control on 30 July 1971 issued a request to all Federal agencies for

information on their noise programs. A total of 17 agencies responded to the

request. The letter of inquiry and report format are exhibited in Appendix A.

It is recognized that this document represents infer*nation collected in

response to a specific inquiry and is basically a byproduct of the much broader

zepo_t to t|lePresident and Congress. However, in view of the varied and

qualitative nature of the collected data, this report was prepared to better !

inform
representataves of governn_ent and the private sector as to the I

d

signlflcant achievements and directions of Federal noise programs, i
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b



SUMMARY

There is, at present, extensive ongoing activity by various Federal agen-

cies in noise abatement and control. Federal noise programs are the responsi-

bility ofa nnmber of agencies, with the main thrust residing within the Depart-

ment of Defense, National Aeronautics and Space Administration, Department

of Health, Education and Welfare, Depart_'nent of Housing and Urban Develop-

ment, and, now, the Envlron*nental Protection Agency. There are continuing

efforts by many individual agencies to accomplish short and long range objec-

tives, commensurate with their mission.

For the purpose of this document, responses of the other agencies will

be discussed in three groups on the basis of:

I. The extent of their authority and impact upon the field of noise abate-
rnent and control.

2. The extent of their response to tile report format.

In addition to the Environmental Protection Agency, departments per-

forming a significant effort in the field of noise abatement are:

The National Aeronautics and Space Adn%inistration

Department of Defense

Department of Transportation

_i Department o_ Health, Education and Welfare

(. Department of Commerce

,: Department of Housing and Urban Development

:" Department of Labor,r

_] Agencies having more moderate programs are:
is'

'! Department of Agriculture
3_': Genera| Services Administration

_ Department of the Interior

b
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l'4atlonalScience Foundation

The Postal Service Commission

Finally, agencies reporting relatively minor programs were:

Atomic ]Energy Commission
Federal Power Commission

State Department

Tennessee Valley Authority

Treasury Depar t*'nent

The following portion of this report presents a brief description of the

noise activities of other Federal Agencies and is followed by Table I, which

depicts the status of federal noise research activi£1es. The actual responses

to the original request for information are presented in Appendix B and are

organized according to the extent of their respective efforts.
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EFFORTS OF OT[-IEK AGENCIES

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)

The NASA (as well as its predecessor, NACA) has been deeply involved

in aircraft noise research for many years. The Fiscal Year 197Z program

includes contract and in-house research totaling $Z5 million in the areas of

reduction of aircraft noise at the source, noise propagation, effects on

receptors, sonic boom, and approach trajectory modification. Of this total,

$12.6 million is contracted research, $5.4 million covers test equipment

and instrumentation for the in-house research, and $7 million is budgeted

for research and prograll% management {chiefly in-house research manpower

costs). Construction of a new aircraft noise reduction laboratory is under-

way at the NASA Langley Research Center, and t/]elaboratory, costing

about $5. 8 million and scheduled for completion late in 197Z, will provide

a major expansion of the national capability.

In addition to research activities, NASA provides noise protection for

its employees through work site surveillance and audiornetric testing, sup-

plemented by general medical protection.

F THE DEPARTMENT OF DEFENSE (DOD)

Noise abatement efforts by DOD have been both considerable and long-

standing. The armed services particularly are involved in research on noise

i and noise abatement procedures. The primary DOD thrusts are concentrated

in four main areas:

I
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I. Occupational noise control and hearing conservation.

2. Operational aircraft noise abatement.

3. Noise signature eli*_ination in weapons system.

4. Construction specifications for noise control.

At present, noise programs are conducted in the department by each of the

three military branches to meet specific operational requirements; that is to

say:

Army Noise Efforts

Army noise programs are carried out through the following agencies:

• Office of the Chief of Research and Development, iT.S. Arm Z. This

office is conducting s study ($82, 000) on noise induced hearing loss

and the effects on the efficiency of soldiers' performance.

m Office of Chief of Engineers, U.S. Arn_y. The Corps office conducts

research on the control of noise generation and the application of

measures _o eliminate noise levels that may adversely affect humans.

Current investigations include work in establishing criteria for the

location of certain military activities relative to residential areas

and the identiflcation of causes of noise and control criteria during

construction activities. Fiscal support for noise related work with-

in the Corps cannot be determined. No personnel are specifically

assigned to noise control programs.

• Army Medical Research and Development Command. This command

conducts programs and research concerned%vlth biomedical effects

of noise, noise reductions, noise exposure, and the physiological

and psychological effects of noise. Current programs include trau-

matic origins of hearing losses, auditory perception and psycho-

physics, and the aviation audlometry program. The operating bud-

get for fiscal 1972 is $464, 300.

• _ Army Environmental Hygiene Agency and Environmental Health Engi-
•nearing Services. ]Both agencies conduct programs to assure the

health of personnel. Current programs include the Hearing Conser-

vation Program for the survel]lance of occupational hearing loss and

studies of the effects of noise on individuals at military installations.

The operating expenditures for the noise program cannot be determined.

2
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• Army Materiel Command. Under this Command, programs and re-
search are carried out under contract for noise reduction of equip-

ment, rotary wing aircraft noise reduction, and determinations of

human capabilities. Expenditures for fiscal 1972 are approximately

$650,000.

Air Force Noise l=ro_ra_ns

The Air Force conducts research under authority of i0 U.S.S.

8011. Program activities related to noise include the conservation

of hearing program (AFR 160-3; Hazardous Noise Exposure), with an opera-

tional expenditure of $509,300 for fiscal 1972. l_esearch programs are con-

ducted at the Acre-Propulsion Laboratory, the Flight Dynamics Laboratory,

the 6570th Aerospace Medical Research Laboratory, and _he Weapons Labo-

ratory. Contracted research is maintained by the Air Force Office of

Scientific Research. There are no laboratories presently devoting full

resources to noise research, Less than 3 percent of the total resources

of laboratories having noise research progranls is allocated to that end.

The Office of Scientific Research conducts research on aircraft noise genera-

tion processes. Estimated funding for the projects is $80, 000. The Flight

Dynamics Laboratory is conducting development work on aircraft acoustics,

includin G noise control within vehicle interiors and sonic fatigue, with cur-

rent expenditures of $290,000. Tl_e Aerospace k4edical Research Labors-

: tory conducts research on the effects of noise on Air Force personnel.

Specializing in bioacoustical research, this Laboratory is unique among Fed-
i

oral noise research programs. Expenditures for such research are

: $410,000. The Acre Propulsion Laboratory, with expend_ures of $478,000,

::} is concerned with noise abatement in aircraft propulsion systems. The Air

_.-"orcsWeapons Laboratory is researching computerized noise exposure fore-

: casting and has expenditures of $80,000. Total expenditures for research

are $I,255,000. Additionally, the Air Force has a program for the develop-

ment and acquisition of sound suppressors for ground runup and jet aircraft

engines. This work is done entirely by contract at an expenditure of $4, 810, 000.
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Navy Noise Program

The Navy noise abatement program concerns aircraft and related ground

facilities and equipment and is divided into the areas of:

• Noise reduction of operating aircraft.

• Noise suppression for ground runup of engines.

$ Noise suppression for overhaul and maintenance testing.

In addition, an exploratory developnlent program concerning a semi-portable

noise suppressor for gas turbine engines is underway. A contract for

$187, 000 has been awarded for the exploratory development program in fis-

cal 1972.

DEPARTMENT OF HEALTH, EDUCATION AND WELFARE (HEW)

The largest single component of HEW, the Social Security Administration,

conducts a hearing conservation program as part of its occupational health

activities, Program objectives are to remove hazardous noise sources and

otherwise protect employees from adverse noise effects. Other concerns in-

clude the isolation and evaluation of nolse-producing equipment. Occupational

medical guidelines described in PL 79-658 and DOD circular A-7I govern

the administration of the program

The Occupational Safety and Health Act provides authority for the National

Institute for Occupational Safety and Health to undertake research with the

objectives of:

I. Refining occupational noise limits for conserving hearing.

2. Assessing industri_l noise effects on overall health, safety, and per-

formanc e capability.

3. Considering the differential diagnoses of noise-induced hearing

loss cases.

J
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4. Training and demonstration projects bearing on industrial noise

control and hearing conservation.

]5*unding for these assorted activities in FY 1972 will be in excess of $400,000.

Likewise, the National Institute of Health {NIHI is vested with authority

to conduct research on noise as part of its broad mission. NIH-sponsored

studies are being condueted largely on the physiological mechanisms under-

lying noise-induced hearing less and aspects of speech perception in noise

through grants awarded to various universities and laboratories totaling

nearly $1,000,000.

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT (HUD)

Noise abatement and control is not a separate program within HUD; how-

ever the Secretary has established noise control requirements for HUD pro-

grams (HUD Circular 1390.2). HUD is concerned with noise problems

arising in housing site selection, structural characteristics of buildings,

and land use planning. These areas include development of comprehensive

urban noise survey methodologies, metropolitan aircraft noise abatement

policy studies, and technical support for operational noise abatement pro-

: grams in the department. Plans for future consideration include extension

of the Comprehensive Urban Noise Survey Program, measuremelat instru-

xnentation for detern_ining site noise exposure, site noise exposur e techniques,

development of model ordinances and building code sections, and noise

emission ratings for appliances and equipn%ent. Approximately $500,000

has been programmed for noise activities inHUD for FY 1972.

DEPARTMENT OF LABOR {IDOL)

The main DOL emphasis on noise is in two areas: The Vc'alshHealey

Contracts Act, which covered health standards for employees engaged in



Federal contracts of over $I0,000, and The 1970 Occupational Safety and

Health Act, extending coverage to all businesses engaged in interstate con,-

meres. _Vorker exposure standards under the two acts are identical. There

are approximately 80 *nillion.Americans composing the work force; the over-

whelrning bulk of these is somehow engaged in interstate co_rnerce. Hear-

ing loss due to noise is, of course, one of the health considerations covered

under the 1970 legislation. The Act contains a rule for limiting noise induced

hearing losses at the workplace.

DEPARTMENT OF TRANSPORTATION (DOT)

In accordance with the Department of Transportation Act of 1966 (P.L.

89-670), Section 4, DOT is engaged in research and development relating

to transportation noise, particularly aircraft noise. Additionally, P.L. 90-

411 provided for noise certification of aircraft. A separate office of Noise

-'Abatement administers the noise program within DOT. it's programs are

concerned with: I) evaluating comn_unity response to noise, 2) developing

measurement criteria, 3) evaluating noise sources. 4) developing mathe-

matical models for estimating noise and evaluating the impact of noise. The

0fficels many technical research programs include investigation of truck

engine noise and jet noise as well as the development of nleasurement equip-

ment and procedures. Twenty percent of the office's budget {$5, 745,000)

is spent in the utilization of the technical capabilities of the Transportation

Systems Genter at Cambridge, Massachusetts as _vell as those of outside

contractors. The Center investigations, anlounting to $900,000, include

measurement and simulation modeling of community noise levels caused by

transportation related sources and research ofn_echanisms of noise gener-

ation in jet engine exhaust V/STOL aircraft, and internal combustion engines.

_ncluded within the DOT research and development effort is that of the

Federal Aviation Administration in which aircraft noise suppression and



adverse effects of sonic boom are heavily emphasized. Expenditures for

this program total $3, 150,000.

Finally, the Federal Highway Administration conducts a noise research

program whose scope includes traffic noise measurements, evaluation and

abatement. Expenditures for this effort total $149,000.

DEPARTMENT OF AGRICULTUI_E (USDA)

The USDA is engaged in eight specific noise reduction programs. The

overall objective of these programs is to determine noise levels emanating

/roe agricultural sources. As a part of this effort, USDA conducts research,

through grants to state agriculture experiment stations of $250,000, on noise

propagation and attenuation from vegetative screens. Authority for this re-

search is found under the Clark-l_cNary Act of 1942, the McSweeny-McNary

Forest Research Act of 1928, and the Agricultural Experimental Station

(Smith-Lever) Act of 1955. Moreover, USDA and the U.S. Air Force par-

ticipated in a mutual research effort on the effects of noise on chickens,

cows, and swine.

DEPARTMENT OF COMMERCE (DOC)

Within DOC, research andrneasurernent programs in acoustics are con-

ducted by both the National Bureau of Standards (NBS) and the National Oceanic

and Atmospheric Administration (NOA-A). Only programs of the former divi-

sion, however, are specifically directed toward noise abatement.

i

Within NBS, the Institute for Basic Standards (IBS) is currently involved

in two noise-related projects:
[

,.,i

! I. An investigation of reverberant sound fields, with an aim of de-

:i veloping new, improved methods for measurement of sound absorptionJ

and sound power in reverberation chambers.



2. A study of current methods for measuring the subjective factors of

loudness, noisiness and annoyance and the development of new methods

for subject measurement.

In addition to these two programs, NBS is also engaged in basic research

including the developnneat and standardization of calibration procedures for

various sound n_easuring equipments. NBS has also undertaken research w4th

DOT on truck tire noise and has joined with HUD on a project called "Opera-

tion Breakthrough" measuring noise levels at building sites.

N]bS is also concerned with passenger car tire noise and has conducted

studies on the subjective factors of this particular type of noise. It also tests

noise characteristics of toys and of postal nnail sorting machines.

Also under NBS, the Institute for Applied Technology is conducting a

variety of research programs concerning noise abatenlent in buildings. The

development of improved test methods is emphasized both for m easuring

sound transmission and for rating and testing the overall acousticalperfornn-

ance of entire buildings.

In addition to these direct research projects, NBS presently has a work-

ing budget of about $465,000 for programs sponsored by eight:other agencies

(including EP_). The current operating budget is $500, 000, of which approx-

innately $200,000 is applied directly toward noise abatement research. A

$200,000-increaee in funding is expected for fiscal 1973, which would allow

NBS to expand its efforts in noise control. Contracts totalling $41,000 have

been negotiated %vith two private organizations to obtain data relating to

noise in European environments and to gather information concerning the

acoustical properties of doors and windows. This latter data is expected to

provide architects with valuable information in practical design. IDOC has

no authority in the area of noise regulation or certification.
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GENERAL SERVICES ADMINISTRATION (GSA)

The magnitude of GSA operations requires inclusion in this discussion.

Although it has no formal noise abatement program, CSA is developing

noise abatement procedures for construction and demolition activities.

Maximum sound level criteria for mechanical building equipment were

established in 1970, and are included in specifications for major construc-

tion projects. These levels are more stringent than those established by

the Department of Labor under the Occupational Safety and Health Act. Con-

structional noise currently is being n_onitored at the site of the huildlng now

under construction in Philadelphia, Pa. , to determine possible criteria for

future development of noise abatement standards. As for space already oc-

cupied, GSA is continuously developing sound level criteria to improve the

acoustical enviroIL_nents of buildings. Finally, GSA is amending procure-

ment specifications to require quieter products. This agency will have a

profound in%pression in noise reduction through its vast purchasing power.

Data on funds for support of these activities was unavailable at the time this

report was prepared. (GSA's noise abatement program is not budgeted

separately. )

DEPARTMENT OF THE INTERIOR (DO1)

This agency is currently involved in conducting three specific noise

programs.

I. An FAA-fundsd project for monitoring the frequency and character-

istics of sonic booms in certain national parks.

':[! Z. A Bureau of Mines instituted training program for inspectors whoF

will survey noise conditions in mines.

3. A research program instituted by the Bureau of Mines and HEW to

_! study noise problems in mines and related hearing loss suffered by

miners. Only the Bureau of Mines program has been specifically

budgeted for noise abatement and control. Estimates include $45,000

9



for research and $19, 000 for an acoustical research inventory. Fu-

ture DOI program plans in the noise field are almost entirely limited

to this program.

DOI legislative authority for noise research together with regulations

for the further definition of that authority are: The Federal Coal Mine Health

and Safety Act of 1969 and the Act of May Z8, 1936, and regulations found in

41 CFR 14; 50 CFR 4; 36 CFRI; 30 CFR I, 43 CFR Z; and 30 CFR I(F) (70).

NATIONAL SCIENCE FOUNDATION

From 1968 through 1971, the Foundation funded equipment purchases for

noise research amounting to $99, Z00. The Special Engineering Program

director and his staff spend about 15 percent of their time on acoustics and

noise control. Time is also committed to the noise area in the psychobiology

and neurobiology programs. Similarly, a number of projects on noise research

•are funded through contracts or grants. Total research expenditures for noise

projects in fiscal 1971 were $175,000. While no projections for future noise

research have been made, the Foundation has stated that it expects to fund

additional projects in noise and acoustics.

THE POSTAL SERVICE COMMISSION (PSC)

The newly forlned PSC is currently involved in three specific programs

designed to reduce noise in the workroom area, Two research projects

aimed at identifying existing nolse sources, detezTnining noise abatement

procedures, and implementing prototype modifications have been initiated.

On a trial basis, special Postal Service Specifications have been issued on

the development of now equipment to ensure that operator noise levels do not

exceed a given level. Expenditures for personnel and contracts amounted to

$250, 000. PSC has no individual assigned to noise abatement programs on a

I0



£ulltirne basis. Moreover, it reports no legislative requirements and states

that £uture noise control plans will depend largely on the results of current

projects.

ATOMIC ENERGY COMMISSION (AEC)

In the process of obtaining licensing for nuclear power plants, the AEC,

under procedures issued by the Director of Regulations, provides assurance

that noise is considered, as required by Section 10Z(2)(c) of the National

Environmental Protection Act of 1969. Other than this. the AEC has no

activities related directly to noise control.

FEDERAL POWER COMMISSION (FPC)

The FPC, in the exercise ofits authority for licensing hydroelectric pro-

jests and other power-generating sources, considers noise as an environmental

factor.

DEPA/%TMENT OF STATE

The State Department, in its general mission as the institutional repre-

sentative of this nation to foreign countries, has widespread contacts with
i

foreign governments on environmental matters, including noise. Additionally,

State intends to work closely with the GSA in determining and enforcing noise

level tolerances for facilities ituses.

TENNESSEE VALLEY AUTHORITY (TVA)

_!: The TVA is planning to undertake a study on the effects of gas turbine

i generating plants on community noise levels, to be funded from the General

• Industrial Hygiene budget. TVA intends to develop standards and criteria for

use by design and operating organizations in community noise control. An

ix



expenditure of $45,000 for fiscal 1971 was reported for community noise

efforts and noise measuring instrumentation.

TREAS UI%Y DEPARTMENT

The Bureau of the Mint reports three sources of external noise generation

causing public complaint:

i. klfelting furnace exhausts at the Philadelphia mint.

Z. Rolling mills at the Denver mint.

3. Presses at the San Francisco Assay Office, where coins are currently
minted.

The Bureau reports a cont[nulng independent (though as yet unsuccessful)

effort to solve these problems. No funds have been appropriated for the pro-

jects, however, nor have personnel been expressly assigned to the program.

Table 1 depicts the current overall status of Federal noise control research

activities.
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ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D,C. 20460

July 30, ICJ71

TO :

Title IV of the Clean Air Act of 1970 requires this off ice to prepare
a repoi:_ to the Congress concerning noise and its effects on tile
public welfare,

Attached is an outline uf the section of the report dealing with
Federal activities in noise effects, abatement and control. It is

requested that you supply the infoi'mation called for in the outline
as it applles to your agency. In order to meet the report deadline
of December 31, 197], it is necessary that we have your replies by
August 30, 1971.

There is a continuing requirement that we maintain current infor-
mation on Federal noise programs. This office should be routinely
informed of changes in the information supplied.in response to
this inquiry, ]t is suggested that you establish a procedure to
insure that we have the mos_ up-to-da_e infomnation concerning your

noise program, in the course ,_f fulfilllng the requirements of
Sect ton 402(¢) of Title iV, we will request thief you conduct a sur-
vey to identify your activities which are now producing objeu_ionable

' noise. This will amount to essentially an emission inventory of nmjor

noise sources owned, sponsored or cuntrolled'by the Federal Govern-
mont. Guidance In this matter will be given to you in the near future.

If specific questions arise, we wi|] be pleased to meet with you to
discuss y,_ur programs on an individual basis. Our agency's contacts
regarding this matter are Mr. R.M. Marrazzo and Captain J.B. Bomar

: at 254 - 7424.

ii _ncerely >,_u,r_

!!

Director

,_ Office of Noise A ent and Control

;f

ii
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ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D,C, 20460

FEDERAL NOISE pROGRAMS INFORMATION

I. Organizational

A. Paren_ Agency, Department, etc.

B, Legislative Requirements and AuLhority for Noise Function

and Funding

II. Functional

A, Overall Program Objectives

B. Specific Progt'ams and Research (List indivtdual projects)

I. Description

2. Objectives

a. is program meeting desi_-ed objectives?

b, What criteria are used _o evaluate the program?

C. Procedures

1, Identification of problem areas and research needs --

How are priorities assigned?

2, Specific actions to abate and contro[ noise

3. Procedures for cot)rdillaEion wlth other Federal agencies

4. Extent of inhouse capability -- include consultan_ usage

5, Proposed new procedures to upgrade program._

D. Future Program Proposals and Objectives

III, Fiscal

A, Current Program

l. Real property value of fcluilitles and equipment used for

noise ,programs

2, Current operating budget (FY 72)

a, Direct operating costs

b, Indirect-estilmute overhead and maintenance
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3. Persmme]

a. Current atlthc;rizations by cypt_ and c[agsificaLi(m

b, Salary totals Eor program operation and cuntract

management

4, Contracts, grants, loans and subsidies (see Sea, iI B)

a. Percent templet ion

b, Funding by project

c. To_al ]'e.search expendi_ut'es

B. Past and Future Programs

1. Past programs

a, Expet_dit.ures tor past 3 to 5 y_ars

b. Facilities aquisil:ions [or pasL 3 t.o 5 years

2. Future program plans i

a. Proiected facilities costs i
/

b. Projected p_r_mlmel levels I

IV. Regulation ancl Cert. ili,al, ton

A. Aur.horir.y and Responsibilities

B. Actions Taken to [mplvment Regulation and Certification

Requirement s

¢ a
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THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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NAT,ONALAERONAU,CANOSPACEAOM,N,ST AT,ONWASHINGTON, DC 20546

REPLYTO

,_TTNOF PA August 30, 1871

Dr. Alvin F. Meyer, Jr.
Director

Office of Noise Abatement and Control

Environmental Protection Agency

Washington, D. C. 20480

Dear Dr. Meyer:

Xn response to your letter of July 30, 1971, I have en-

closed material descriptive of the various noise abatement

and control programs of the National Aeronautics and Space

Administration. This should fulfill the requirements of

the questionnaire°

Although the NASA is not an environmental agency, among

its missions* is the development of aeronautics technology.

One program in this category is an aircraft noise research

program having the objective of improving the technology

of aircraft noise reduction. This program is composed of

five elements_ Source Noise Research (by far the largest),

Propagation Noise Research, Receptor Noise Research,

Sonic Boom Research, and Approach Trajectory Modification.

Each of these programs is described in Enclosure l, which

also includes the corresponding funding figures and a
list of contractual efforts.

Enclosure 2, minutes of the February 25, 1971, meeting of

the Noise Research Panel of the Interagency Aircraft Noise

Abatement Program, contains a more detailed description of

many of the program elements, along with material descriptive

*The National Aeronautics and Space Act of 1958, as

amended (P.L. 85-568, 72 Stat. 426).
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of the corresponding programs of the Department of

Transportation, the military services, and a number of
industrial firms. Enclosures 1 and 2 provide NASA funding

data for the three fiscal years 1970, 1971, and 1972,

except that Enclosure 2 does not include data for Sonic

Boom Research. Furthermore, the Approach Trajectory

Modification program is included in the category, Propa-

gation Research, in both Enclosures 2 and 3o Enclosure 3

provides a broader look at the Federal aircraft noise

research program, and FY 1970 Sonic Boom Research funding
data are available here.

Definition Of the FY 1973 noise research program is

impossible at this time because we are just beginning

the budget cycle, In general, however, we expect no major

change in either scope or funding of the program°

In-house noise research programs are carried out in a
number of NASA facilities. Those facilities devoted

exclusively or primarily to noise research are listed in

Enclosure 4, and their total capitalized cost (facilities

and special-purpose equipment) is approximately $5 million.

We have recently let design contracts leading to the
eventual construction of the Aircraft Noise Reduction

Laboratory, likely to go into operation in late 1972o !

This facility, with construction and equipment estimated

to cost about $5.8 million, will provide a research !

facility capable of directly attacking the problem of

noise created by aircraft, including fundamental research

in the generation and physical measurement of noise,

human reactions to noise, and techniques for noise reduction°

In addition to the noise research program, NASA maintains

an agency-wide hearing conservation program for the

protection of all employees at NASA installations° The

overall agency effort devoted to work place surveillance,

audiometric testing, and medical attention is approximately

1 to 1.5 man-years. All NASA installations utilize con-

vantional survey and recording equipment along with

audiometers and sound control booths_ For the most part,
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this effort is executed by professional industrial

hygienists, industrial nurses, and physicians.

The damage risk criteria used in NASA to determine hazard

to personnel exposed to noise are the Walsh-Healey criteria.

There is also an agency handbook which provides procedural"

information on the subject of "Hearing Conservation in

Noise Exposure°"

I hope the information provided here will meet your

requirements. If additional information is necessary,

please let me know°

Sincerely yours,

Nathaniel B. Cohen

Director, Policy Analysis

Enclosures (4)
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ENCLOSURE 1

NASA AIRCRAFT NOISE RESEARCH

The NASA conducts a continuing research and development

program to improve the technology of aircraft noise
reduction. The noise reduction program is very broad,
cove_in_ the areas of source noise, propagation noise.
and receptor noise. In addition the program covers
=esaarch on sonic boom and on approach trajectory modi-
fication. The program is centered around a large in-
house effort conducted at the various NASA Centers.

The in-house effort is supplemented by a contractual
program effort involviD_ many universities and industrial
organizations. The noise research program is described
in some detail in the minutes of the meeting of the Noise
Research Panel of the Interagency Aircraft Noise Abatement
Program (IANAP), February 25, 1971. The IANAP has been a
major source for coordination of noise research being
conducted within the United States. For convenience a
summary of the programs underway is given below along with
a list of. c0ntractual efforts. Following that is a dis-

cussion of the resources allocated to the noise program.

Source Noise Research

Rotatin_ blade noise: - The generation and prediction of
rotating blade noise is important for various propulsion

units such as propellers, helicopter rotors, fans, com-
pressors, and turbines. Tests of a multistage laboratory
compressor to determine noise loads on the compressor case
near the rotors and propagation of noise through the blade
rows is being supplemented with analytical studies to pre-
dict oscillating pressure loads and the effects of inflow
angle on noise generation. Both small-scale and full-scale
fan test_ are being conducted to provide information on fan
noise generation and its alleviation.

Acoustic Treatment: A broad experimental and theoretical

_ research program is unde_ay to determine the basic behavior
of duct lining materials, their application to aircraft, and

'i associated operating problems. Materials with suitable

acoustical, structural, and aerodynamic properties are being
studied, along with special flow control methods such as

.... inlet flow choking by either variable geometry or localizedinjection of fluids for flow control. Flight programs have

demonstrated noise reductions of up to 15 EPNdB through the
use of fan duct acoustic treatment, and this technology is
being expanded to the turbine exhaust region.
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Jet Noise: Jet exhaust noise research involves both

nozzle configurations and flow considerations. The
basic acoustic characteristics of slot nozzles of the

type used in ground effect machines are being studied.
Other devices and methods include flow shielding to
radically change the noise radiation pattern, and the

addition of various substances to the jet flow to alter
the noise generation and radiation characteristics.

Quiet Engine: An Experimental Quiet Engine program is

being conducted for the NASA Lewis Research Center by
the General Electric Company under Contract NAS3-12430.

The scope of the program is to design, construct and
test two experimental full-scale turbofan engines using

advanced design features for noise reduction. The goal
is to achieve 15 to 20 EPNdE less noise than existing
engines of the same size (e.g. the Pratt & Whitney JT3D
engines in the Douglas DC-8 and Boeing 707 aircraft).

Component tests that have been made to date have shown

that the noise design goals are likely to be achieved.
The first engine has now been assembled and testing has

begun. Following performance and acoustic tests by the
contractor, the engine will go to Lewis Research Center
where additional noise tests will be made both with and

without a nacelle designed to achieve the final part of

the noise reduction goal. The tests at Lewis will begin
in the Spring of 1972.

Propagation Noise Research

Studies are being conducted to closely correlate fly-
over noise data recordings, aircraft position information
and atmospheric propagation losses over the audible fre-
quency range. Meteorological studies of the lower i000

meters of the atmosphere in several representative loca-
tions in the U.S.A. are underway to provide a statiscal

representation of temperature, humidity, and wind gradi-
ents.

Receptor Noise Research

The NASA is sponsoring research _o determine noise

induced inner ear damage using frequency, intensity and
exposure time as variables. It is also studying whether

or not aircraft noise induces performance degradation to
aircrews and the influence of subsonic aircraft noise on
sleepo
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Sonic Boom Research

The Ames and Langley Research Centers are engaged

in a coordinated progr_n involving both theoretical and
experimental studies of the effects of airplane configura-
tion and flight conditions on the production of sonic
boom and on methods for their minimization. The general

objective is _o develop criteria which can be used to
design high performance supersonic and hypersonic air-
craft which will generate low sonic boom pressures on the
ground in the vicinity of the flight path.

A broad program of investigation of the effects of

atmospheric nonuniformities, wind, turbulence, etc., on
sonic boom wave forms and also on means of producing a

realistic and repeatable sonic boom environment for test
purposes is underway.

The sonic boom affects both people and structures,
and research is underway to understand these effects, to
determine possible deleterious effects, and to develop

efficient methods of protecting both people and structures
from such effects.

Approach Tra_ector Z Modifications

The NASA and FAA have demonstrated the noise reduction

potential of steep two-segment approaches for current

je_ transports. NASA is planning research in this area
_o establish the feasibility of adopting such approaches

and the avionic_ required. The noise reduc=ion potential
and feasibility of al_ernate approaches will also be
studied.

!_ Contract Efforts

/ Following is a list of contracts and grants that form
a part of the NASA noise reduction program. An indication
of f_nding in FY 70 and FY 71 is given. The determination
Of contracts to be awarded in FY 72 is subject to change
and can be provided at a future t/me.
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SU_-_ARY OF NASA-OART NOISE RESEARCH

The resources (funding and professional manpower)

required to carry out the program just described are given
in the following table: The funding consists of Research

and Development dollars and R&PM (i.e. Research and Prog{am
Management) dollars. In turn the R&D dollars are spent in-
house for purchase of test equipment and instrumentation,
and for research contracts.

FUNDING ,({, K)

FY 1971 FY 1972

In-House R&D Funding 3,336 5,400

Contract R&D Funding 11,146 12,600

Source Noise 9,694

Propagation Noise 45
Receptor Noise 543

Approach Trajectory 270
Sonic Boom 594

Total NASA/OART Noise 14,482 18,000
R&D Funding

Total NASA R&PM Funding 6,405 7,000
(Est. at 70K per PMY)

Total R&D and R_PM Funding 20,887 25,000



I_%NGLEY RESEARCH CENTER

9ouree _olse

Contractor Start Estimated Funding, $
• . Completion

Contract Number Title Date Date FY 70 FY 71

Lockheed Measurement of Sound Propa- 11/70 7/72 $ 0 _175o000

_arietta° Georgia gation _n and Radiation

...... from'Finite-Length, Lined,
NAS 1-10472 A_ular Ducts with Non-

...... .... Uniform Mean Flow

Loughborough Univ. Studies of Broadband Noise 1/71 1/74 $ 0 $ 33,000

Loughborough, . from Rotating Blades

Leicestershize0England

Grant:' NGR-52-140-002 - Cost sharing with British Ministry of Technology

_niv.of Southampton The Noise of High-Speed Lift- 12/65 12/71 $ 0 $ 14,000
Inst. of Sound & ing and Propulsion Rotors

Vibration

Southampton, England

Grant: NGR 52-025-002

Bolt,Beranek,& Newman Jet Noise Reduction Study 8/70 11/70 $ 0 . $ 5,000
Cenoga Park, Calif.

NAS 1-9559-6

Old Dominion Univ. Study, Design, and Fabri- 11/69 7/71 $23,000 $ 3,000

Hampton, Virginia cation of Ejector Models

NAS 1-9434 and Werod_namlo Duct
Work Models

Lockheed . "Airframe Noise i/?0: 4/70 $22,000 $ 0
Burbank, Cailf, . • " ". .....

N00123-70-C-0906 (1_a_ Contract)



LANGLEY R_SEARCH CENTER

•Source Ho_se
., ,, ,.

• " Estimated
_ontractor' start Completion Funding, $.

Contract Number. Title Date Date FY 70 FY 71

LTV Tone Burst Impedence Tube 5/70 7/71 $81,000 $ 0
Anaheim, Ga.

N_.6 1-10021.

j° Krlegler. 9ropellez Theory 4/70 12/70 $._.000 $ .0

L_ngley, Va.
L-50150

Boeing Tailpipe Treatment 3/70 5/71 $371,000 $ 0
• Seattle,_?ashington
_AS 1-9622

Boeing Nacelle Acoustic Treatmen_ 5/68 5/70 $186,000 $ 0

Seattle.Washington
NAS 1-7129

Syracuse Univ, Supersonic Jet Noise 6/68 5/72 $i02,000 $ 0
Syracuse, N.Y.
NGL33-022-082

New York Univ. Jet Additives 12/67 6/72 $I00,000 $ 0

New York, N.Y.

NGL 33-016-128

Dynatech Carp, Liquid Injection 3/70 2/71. $ 39,000 $ 0

Cambridge, Mass,
•NAS 1-9809

Bolt._=raDek.& _:e%,man Fluctuatlng Rotor F0rces" [3/70i 5/71 $105,000 _ 0
Ca_o_a Pa_k, calif° '
_S 1-9883 .



LANGLEY REsEARcH CENTER

S_Tce Noise

Estimated Funding, $
Contractor Start Completion
Contract NurSer Title Date Date FY 70 FY .71

_enn State Univ. Jet Noise 1/69 1/73 $70.000 $ 0
_GT., 39-009-121

Un£v. of Term jet Plap NoiseSuppressi0n "1269 'i/73 "$34,000 '$ .'0

'NGL 43-001-075

Unlv. of Vizginia Quasi-L_nearlzation 5/70 5/71 $i3,000 $ 0

Techniques for Analysis

NGR 47-005-147 of Compressor No£se



L_,._G.LL.¥I_ESEARCH CENTER

Propaqs tion 1_oise

Estimated Funding, $Contractor Start Co_pletion
Contract _%/mber, Title Date Date FY 70 FY 71

Bolt, Bcranek,& Ne_mnn Duct Noise Propagation 4/70 "8/70 $ 2.000 $ 0
C;_no.oa Park, Cal_ii _'.
NAS 1-9559-3

Bolt,Bszanek,.& Nc_man Test Plan for Sound 10/70 1/71 .$ 0" . $ 9_945
Canoga Park, Calif. Propagation

1-9559-8

_oeing Noise Propagation Analysis 10/70 5/'/1 $ 0 $35,000
Seattle, _';ashi_gton
NAS 1-10272

ESSA Atmospheric Effects 10/69 3/71 $15,000 _ 0
Silvar Spring, MS. " "
L-37584

Allied _esearch'" " Atmospheric Effects 3/70 6/71 _43,000 $ 0
Balt_m0ze,_zd.
NAS. 1-9837

Bolt, Esz_ne_,& Newman Air "to Ground Propogat_un 6/68 2/70 $ 9,000 $ 0
Canoga _azk, _alif
IRs 1-6168

•-- ,,. ............



LANGLEY RESEARCH cENTER

Receptor Noi_

Estimated

Contraetoz Start Completion Funding,$
Contract Number, Title Date Date FY 70 FM 71

1_niversity of Zll. Studies on Auditory and 10/70 9/73 $140,000 $140,000
Urbona, Illinois Vestibular End Organs

.NGL 14-005-074 and Bra_n Stem Nuclei

Indiana University Experimental study of Hearing 7/69 6/71 $ 30,000 $ .30,000

P.O. BOX F Loss and Ihner Ear Damage

Bloomington, Ind. after Exposure to Sounds

NOR 15-003-077

Sikorsky Aircraft Study of Effects of Noise 7/70 9/71 $ 0 $ 60,000

Stratford, C_mn.
•NAS 1-10144

Tracor Inc. A study of Community 8/70 11/71 $' 0 $187,000
Austin, Tetras Reaction to Jet Noise

_S 1-10216 Around Small City Airports

_orthCa=oli_m State .Human Factors Aspect of 2/67 6/73 $30,000 $ 40,000

Univ. Noise and Vibration

Raleigh, N.C.
Orsn_= NGL 34-002-055

_orth Carol_ State Acoustic Energy Effects on 3/69 8/73 $ 0 $.51,000

Unlv. Sleep and Human Performanoa

Raleigh, N.C.
Grants NGL 3_-002-095 .. :

Wyle Laboratories Study of Evaluation and 7/69 12/70 $ 0 $ 14,'000
Harapton, Virginia Refinement of Aircraft

NAS i-9257 Noise Rating Techniques



I.ANGL EY 'RESEARCH CEN_ER

Receptor Nolse

' Start Estimated Funding, $
Contractor . Completion
Contract Number, Title Date Date FY 70 FY 71

Audio Shuttle Audiometric Room - Desigh 10/70 3/71 $ 0 $ 21,'000

l_orwalk, Conn. and Purchase

_LAS 1-10418

Amer.lnst.for ReS. performance Battery 3/70 3/71 $i00,000 _ 0

Pittsburgh, Pa.

NAS 1-9854

Stanfor_ Res.Xnst. Comparison of Field & 5/70 11/71 $178,000 $ 0

14enlo Park, Calif. Lab Noise

NAS 1-10017

Stanford Res.Inst: ,Overflight Subjective 12/66 6/69 $ 16,000 $ 0

14enlo Park, Calif. Response

NAS 1-6855

william & Mary Noise Effects on vision 8/69 8/72 $ 25,000 $ 0

_illi_mshurg. _a.
NAS 1-9461

Boeing, Vetrol VTOL Noise Accep'tability 5/70 7/71 $ 85,000 $. 0

Philadelphia, Pa.

_AS 1-10o044

, ,,.•., , , _,_ ._m= =



LE_'_'ISRESEARCH CENTER

Source Noise

Estimated Funding, $
Contractor Start Completion
Contract Number Title Date Date FY 70 FY 71

General Electric Experimental QUiet Engine 7/69 5/73. 69 - 4,500, 000
• 70 - 4,900,000

Evendale° OhiQ 71 - "7_000,000

l_S 3-12430 72 - 41700,000.

73 - 300,000

Boeing Suppressors for Quiet Engine 7/70 12/71 $381,000 $350,000

%._ichlta, Kansas
,NAS 3-14321

Pratt & T._hitney Research on the Aerodynamics 6/67 6/71 $389,000 $71,000

_artford, Conn. and Acoustic Problems of

I_S 3-10483 High-Lead, Low-Speed Fans

G_neral Electric study Program for Integral 6/70 6/71 $243,000 $i00,000

Evendale, ohio Lift Fan Engine
Z_%S 3-14404

General Electric studyProgram for Remote 9/70 9/71 $ 0 $284°000

Evendale, Ohio Lift Fen Engine
MS 3-14406



A_S RESEARCH CENTER'

Scurce Nglse

Co_tractor Title Start E_ime%eu
Contract _umber Date Completion Funding, $

Date FY 70 FY 71,., ,,

C_neral Electric Lift Fan Noise Reduction 3/71 1/73 $400,000 $493,000
Evendale. Ohio
_S 2-5462

_olt, Baranek and Measurement of Noise in Wind 11/70 5/71 $ i0,000 $ 19,000
!:e_:man _unnels - Determine Free-

CanOga Park, Calif. Air Corrections
!_%S 2-6206

_olt, Beraneko and Fundamental study of Acre- 5/70 5/71 $ 44,000 $ 55,000
_;ewman dynamic Airfoil Noise with

Canoga Park. Calif. Serrated Leading Edges
2L_S 2-5974

Stanford University Graduate Student Support for Start FY 71 $ 0 $245,000

7ale Alto, Callf° Fundamental Noise Research, Estimated Compl.

and Leading to PhD Thesis 3 years
.-CLA, Los Angeles, Cal_f.

3T-ants in Preparation

_ielson _g. & Res. Study of Dynamic Pressures 6/70 9/71 $ 0 $ 62,000
_untain Vim,, Calif.

SC_S 2-6010

.--.%0Associstes Rotor Stator Ac0usti6 1971 12 months $ 0 $ 50,000
its Angeles, Csllf. Interaction

Zn: 'nego'_.iat'_ bn



AMES RESF_ARCH CENTER

Source Noise

Contractor ' ' ' S_ar't' Estimated F undins , $
Contract Number. Title Date Completion FY 70 FM 71

Date
,,, --.

Boeing _ircraft Augmentor _qing Aircraft 1/71 3/72 $ 0 $480,000

Seattle, _gashington Design with Emphasis on
I_AS 3-6344 Low Noise Generation

Dr. Zl Sum Assess Use of Acoustic 4/71 9/71 $ 0 $ 20,000

Burl_ngame. Calif. Holography to Define

Xn N£gotiatiom Aircraft Noise

RAO Associates Leaned Vane Research 11/69 3/71 $35,000 _ 0

Los Angeles, Calif.
_AS 2-5730



AMES RESEARCH CENTER

Propaqatlon Noise

_s_Imate_

Contractor Start Completion Funding, $
Contract Number Title Date D_te FY 70 FY 71

American Airlines Acoustic Signatures - Steep FY 71 3 months _ 0 $270,'000

Tulsa, Oklahoma Decent Flight Programs
Aircraft'Lease

Procure_4ent is process



A p_"NDIX

NASA NOISE RESEARCH GRANTS AND CONTRACTS

]{EADQUARTERS

Source No_se

Contractor Start _stzmate_ Funding, $
Contract A_mber Title Date Completion FY 70 FY 71

Date

General Electric Supersonic Jet Exhaust 7/26/68 8/31/71 $35,000 $35,000
Schenectady. N.Y. Noise

General V l_tric Noise Generation FrOm 10/15/69 6/30/72 $49,000 $40,000

Zvendale. C_io Large Fans
KA_v--1922

Stanford Res. inst. Study of the Structure 8/05/69 6/31/71 $5S,000 $40,000
i_alo Alto, Calif. of Jet Turbulence

_L_S_-1938 Producing Jet Noise

University of Mass. Real Fluid Effects in 6/01/70 5/31/71 $15,000 $15,000

_m.herst. ::ass. Compressor Noise
!CGR22-010-063

United Aircraft Broadband Noise of Axial 7/11/69 6/30/72 $ 0 $40,000

Hartford, Conn. Compressor
._Sw-1908

Stanford university Fluid Mechanics of 1/01/70 12/31/72 $2'5,000 $25,000

l_alo AI_o, Calif. Edgetoneu
._GL05--020-225

Californi_ Inst.Teeh. 'Jet Noise Generation and .6/30/71 5/31/72 $ 0 $40',000
Pasadena o Collf. Suppresslom

"cornell _e=Dnautical _nalysis of Tr_,s0nic. • 9/30/_0.. "_"S/31/71 $34,000 "'_._.i'.0:_"
Lab. Xthac=, N.Y. Compressor Flow . • -
:_Sw-2091



A_P_NDZX

NASA SONIC BOOMRESEARCH GPANTSANDC0_TPACTS

Langley Research Center

Source Research

,.. ..

Esti_ated
Contractor StartlnS Completlon Funding (_K)
9pntrast No. Title Date Date FY 70F Y71

Ae_ospaccCOrpo A Study 0£ the Validity of the Heaco 6/70 9/71 108
Los Angeles , Cnlif. Field-Concept of Sonic Boom

.(NAg1 - 10051) Alleviation

The purpose of ch£a study £s to determine ££ the release of large quantitles.o£.heat which would alleviate
thm sonic boom can be practically applied,

,,, •

path Research

E.O.&.C. ¢o. Propagation of Sonic Boom Through 6169 ii170 4
Albuquerque, N. Hex. Turbulence
.(SASl - 9284)

This study attempts to extend the scattering theory of Crow by use of a mul'tlple scattering theory.
Included will be an evaluation of the theory of Tatarskl with modifications as necessary.

Mass. _nst. of Tech. Atmospheric Effects on SonlcBoom 9/70 9/71 40
Cambrldge, Hass. Pres0ure Wave Poem=
(NGL 22-009-334)

A theory is being investlgatcdwhich relates spikes on boom signatures to a mechanism conslatlnSoE
simultaneous focuelnZ and diffraction due to an inhomogeneous atmospheric layer. The potential o_
_laining signature rounding h_ this mechanism is also halng investigated.



Langley Research Center

Path ,,Research

Es ti_,zCed

Contrztctor Starting Co_letton Fund £ng ($K)
Contract No. ' Title Date DaCe FY 70 FY 7t

Mr. Auburn Res. A NUmerical Method to Determine the 12/70 3/72 96

Assoc., Tn¢. Pressure in a Sonic _oom Focus
Cambridge, Mass.

(UASl - 1O276)

Studio3 have just Eotten underway co exam£ne in detail the sonic boom focus phenomena.

General American S_nic Boom Simulation 6/69 8/70 10
Transportation Corp.
N/lee _ I_linols

_.S1 - 9252)

Receptor Research,

StanFord Res, Znato Comprehensive Study of the Psyco- 2/71 3/72 82

Menlo ,Park, Calif. physiological Reactions to Sonic

O_AS1 - 10528) _ooms and their Z_£ects on Sheep
and SCattle

Tests subjects will be evaluated by motor performance tesning while performing under varied acoust_d
background Includlns aircraft noise and simulaCcd sonic booms. Zn addition, the eE£ecCs of the same noises
on _he sleep oE subjects will be scudled in a specially designed sleep tesc room.
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Langley Research Center

Recepto_Research

Estimnted

Contractor Starting CompletiOn Funding (OK)
Contract No. Title Date Date .. FY 70 FY 7_

General Applled Se£. Acoustic Response to Various Wall 11/69 12170 95
Lah,_ Inc, and Room Configurations.
Weetbury, N. Y.
(t_Sl - 9594)

The principal direction of these studies is te determine the effects on structures oE low-level repeated
_onle boom exposures.

Mass. Znst. e£ Tech. Response 0£ Building Stcuctures to i0/70 9/71 35
Cambrldge_ Hass. Environmcntal Noise of Se£smle_
_NGL 22-009-135) Acoustlcs_ and Aerodynamic 0r£g£n

The object of this investigation is to develop an analytlcal procedure for predfctlng the random response
of plate-lilee structures resting on so£1 and "sub_ect to seismic ne£se of aerodynamlc erlg_n.

J. H, Wiggins Co, Theoretleal Study of Window glass 80
Pales Verde_ Calif, Breakage with Sonic Boom Leeds

(Pending)



APP_NDIZ

NASA SONIC BOom R_SEARCH GRA_TS AND CONTRACTS

Ames Research Center

Source Research
_. ,, . ,, ,

EsElmaced

Contractox" Startlu E Completion Paedlog ($K)

Contract No.. Title Date Date FY 70 FY 71

Aerophystcs Res. Corp. Studies 0£ Sonic Boom _nd Drag 9/69 12/70 70 15
Bellevue _ _4ashington Optimization

(ZZ_S2 - 4880)

This study £s directed Coward the development of an analytical method for calculating supersonic flow-
fields about arbitrary conflguratlons. The method features a three-dimenslonal dls=ribuClon of

slngularlties on the con£iguratlon.

Path Res eaTeh

Aerophysie$ l_s. Corp. Development of Hypersonic Theory I0
1_ellevue, _ashingCon for the Sonic ]Boom
(Pendl, 8)

_'he purpose of this study is to extend sonic boom theory into the hypersonic range.

• • =,,J,



'NASA SONIC B00H RESEARCH GRANTS A_D COh_RACTS'

NASA Hoadquar tore

.Source Research

Estimated

Contractor Starting Completion' Fund!n E ($K)
•Contract NO. Title Date Date FY 70 FY 71

New'Y0rk" Un£v.' Investigation of Optimum Aircraft 8/70 • 7/71. 55 55
' _e_ York, NY Configuration for Sonic Boom
(NGL 33-O16-119) Reduction

The purpose of this investigation is to determine whether or not substantial reductions in sonic boom m_y

be obtained by novel aircraft configurations j to evaluate effects of atmospheric conditions and diffraction
of aonle boom slgnatures from structures and topographlcal configurations.

'Path Research

Columbia Unlv. Theoretical Study of the Superboom "8/70 8/71 37 29

New York, NY
'(NGL 33-008-098)

The objective of .this research Is to understand the b_s£c mcchnnlsm of the superbooms caused by nonuniform
motions'of the aircraft and refractive effects of temperatnre gradlents in the atmosphere.

Cornel1 Uhiv,- AnaZysis of Turbulence Effects on 9/70 8/71 30 30

ltha_ 0 NY Sonic Boom Transmission
_gL 33-010-054)

Th_ sunl= boom Investlgatlon comprises a theoretlcal investigation fnto the validity of the basic theory,
th= _en_ of the mld-fleld region _ atmospheric effects and sonic booms o£ hypersonic a_craf_.
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NASA Headquarters

Path Research

Estimated
Contractor Starting Completion Funding. ($K)

Contract No.. Title Date Data-" F_7O FY7I

Princeton Univ. 'Investigation of Nonlinearlty,_ 10/70 10/71 30 30
prlnoetonj NJ Caustic and Diffraction in Wave

(NGL 3!-001-I19). Propagation

A number o£ theoretical problems associated With sonic boom prediction will be invest_gatlon; speci£1cally,
the nonlinear behavior o£ an N-wave at a caustic, the extension of nonlinear theory to geomeCrlcal acous.ties
and sonic boom signatures within a shadow region.

Aeronautical Res. _nvestlgation of Nonlinear Effects 2/71 2/72 60 45
Inst. of Sweden on Sonic Boom Generation

Bron=na_ Sweden
(NOR 52-120-001)

The purpose of this work is to further understanding of nonlinear effects on the generation of sonic booms
by means of theoretical and experimental investlgatlons.



ENCLOSURE 4

NASA FACILITIES & EQUIPMENT DEVOTED EXCLUSIVELY OR

PRIMARIL%/ TO NOISE RESEARCH

LANGLEY_RESEARCH CENTER,.. Hampton, yirq_nia

High Intensity Noise Facility (Bldg. 1221)

Low Frequency Noise Facility (Bldg. 1221A)

Psycho-acoustic Lab & Anachoic Noise Facility

(Bldg_ 1218 & 1218A)
Rotor Test Tower

Instrumentation Vans

Jet Engine Noise Test Stand

LEWIS RESEARCH CEN_EA,. G.levgland,. Ohio

Quiet Fan Facility (Bldg. 90)

Aircraft Noise Laboratory (Bldg. 4)
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,(@) OFFICE OF THE ASSISTANTwAsHINGToN,SECRETARYD,c. 20301 OF DEFENSE

HEALTH AND

ENV,RONME_'r I 3 S['}'_ 1£71

Dr. Alvin F. Meyer, Jr.
I Director, Office of Noise Abatement and Control

Environmental Protection Agency

Washington, D. C. 20h60

Dear Doctor Meyer:

The Department of Defense is pleased to submit the attached
information requested in your letter of 30 July 1971 on
"Federal Noise Programs". Each of the Military Departments

have followed the format you requested where possible.
Specific questions concerning the attachments should be

referred to the appropriate Military Department.

.C L,
Acting Deputy Assistant Secretary

(Environmental Quality)

,i 3 Attachments

! a/si
i

: ,



DEP/d{TMENT OF THE A_IY

NOISE PROGRAMS INFORmaTION

The noise programs being accomplished within the Department of the

Army are reflected by the following information. Those sections of

the suggested format not applicable to the activities of the agencies

were omitted, and slight modifications of format were performed where

desirable for clarity.

i. I. Organizational

A. Agency - Office of the Chief of Research and Development.

B. Authority for Funding - Con£ract # DAHcIg-70-C-0022.

If, Functional

A. Study Objective - The Federation of American Societies

for Experimental Biology (FASEB), a nonprofit group, is
under OCRD contract to conduct a review of the adverse

effects of noise in the military.

B. Specific Research

I. Description - The FASEB effort_ "A Review of the
Adverse Biomedical Effects of Sound in the Military

Environment," is a study of the problem area by an

ad hoc group. This is a one-tlme contract with all

funds paid from FY 70 appropriations. Primary

emphasis _e being placed on noise-lnduced hearing

loss and the many variables that may affect the onset,

nature, and severity of such hearing loss, Considera-

tion is being given to the advsrse effects of noise

on the efficiency of the soldier in performing his

duties. The potentially adverse effects of excess

sound on other than |]earing loss are also being
considered.

2. Objectives.

a. The objectives of thls's_udy are to review current

state-of-the-art knowledge concerning the adverse

effects of sound in the military, to identify gaps !

in knowledge in this area, and _o reeon_end future !
Army research to minimize the adverse effects of

sound on the soldier. The study is on schedule and }i



meeting desired objectives. A draft of the final

report is now being prepared for distribution to

particlpan_s in the study for their cormnents. A

final report is expected by 30 December 1971.

b. No formal criteria ere being used to evaluate the

study; however, in addition to the 0CRD contracting

offieer_ representatives of Various governmental

and civilian agencies, _o are considered experts

in the field of hearing, provided informal input

of pertinent information and opinions and systema-
tic evaluation of these data during the course of

the study.

C. Procedures

i. Priorities were assigned based upon hearing problems

identified in the military. Priorities were revised

when necessary based upon results received during tile

study.

2. Coordination with ether Federal agencies was accom-

plished by participation of representatives of appro-

priate agencies in the ad hoe meetings.

III. Fiscal

A. Current Program - Awaiting final report on study in
December 1971.

B. Past and Future Programs

i I. Past expenditure: one-tlme expenditure of $82,000
ii from FY 70 funds.

l!

2. Future program plans depend upon the results of this

study. When completed, this study will integrate

the opinions of experts and outstanding workers is

the field of hearing° It is expected to provide

information and guidance for future research by the

Arn_ in biomedical and behavioral sciences, as well

as protective equipment in the development of im-

proved weapons systems, cormnunications systems,
[i military vehicles, and aircraft.

i
J_
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2, I. organizational

A. Agency - Office of the Chief of Engineers,

B. Legislative Requirements and Authority for Noise Function and
Funding,

It is not anticipated that special legislation or funding will be

required. The current practice is to include noise control as

needed in our program with the authority and funding in the general

program authorizations.

II. Functional

A. Overall Program Objectives

To perform the design and construction operations of the Corps of
Engineers in a manner that noises generated will not be of such a

magnitude or intensity as to adversely impact on the project workers

or inhabitants of the surrounding area. Apply control measures to

eliminate noise levels which could be expected to cause nuisances or

adversely affect the physiological or psychological health of the
area occupants.

g. Specific programs and Research

Project No. 1

i. Description - Research Work Unit Entitled: Sound and Vibration

Tolerance Limits Residential Areas. The objective of this research

is to establish criteria for the location of artillery and other

weapons firing ranges, test facilities and military airfields relative
to residential areas in order to attenuate sound and vibration effects

to tolerable levels. Attenuation techniques will also be developed,

2. Objectives

a. The program was Just initiated in July 1971. To date it is

meeting desired objectives.

b. The criteria used to evaluate work are:

(i) New or _mproved criteria developed.

(2) New or improved techniques for attensatlon developed.

(S) Timeliness,

S



I. Description - Research Work Unit Entitled: Environmental
Protection During Construction Activities. This research seeks

to identify causes and effects of pollution (including noise)

during and as a result of construction operations and to provide
economical and reliable control criteria and methods for

incorporation into Corps contract specifications and construction

supervision.

2. Objectives

ao The program has been underway approximately 9 men=he and is

continuing. A survey of the stare-of-the-art in environmental

protection during construction has been completed. The program

is meeting objectives.

b. The criteria used to evaluate work are:

(i) New or improved contract criteria developed.

(2) New or improved techniques developed.

(3) Timeliness.

C, procedures

i. Identification of problem areas and research needs --

How are priorities assigned?

problem areas and research needs are determined by a Corps wide

system (which system includes users and customers of the Corps)

of problem identification and evaluation that is pursued

continually with a complete re-evaluation of all research performed

annually. Prlorltles are arrived at through a series of research

priority, questionnaires completed by Corps District and Division

offleee, OCE, and customers. Also taken into account are

Department of Defense and national needs and priorities as stated

formally and discerned informally, This activity is conducted

by the Office, Plans Research and System Directorate of Military
Construction.

2. Specific actions to abate and control noise.

The Corps of Engineers is responsible for the design and construction

of installations and facilities for the Department of the Army,

Departmenti_of _he Air Force, DepartmenC of Defense Agencies and
other government departments or agencies when requested Co do so.

Noise abatemen_ and control is an integral part of the slts

planning, engineering desi_ and construction practices in the

performance of this responsibility. The methods of noise aba_e_/ent

and criteria for minimizing its effect are established in

!



appropriate Army Regulations, Technical Mnnuals and Ouide

Specifications. Facilities which produce objectionable

noise levels that cannot be effectively muted are sited in

areas that are isolated from the built-up portion of the

installation and adjoining residential developments. Noises

generated by the operation of motors, engines, air compressors

and other similar equipment are controlled by insulated

housing s mufflers, sound absorption barriers and operating

speed design. Construction noises are likewise controlled by
the use of sound absorption barriers, equipment sheathing and

other sound suppression devices. The effects of pile driving and

blasting are minimized by the application of energy

absorbers or dissipators or by performing these operations at
such times that the nuisance effect will be minimized.

3. Procedures for coordination with ether Federal agencies

By participation in the program development of the Federal

Construction Council of The Academy of Science and thru
exchange of information with the Envlrosmental Protection

Agencyj customer agencies and interdepartmental eon_llttees.

4. Extent of inhouse capability -- include consultant usage

The inheuse capability with particular expertise in noise abatement

is limited. When unusual or complex noise problems arise

consultant service, from other government agencies or from the

private sector is obtained.

5. Proposed new procedures to upgrade programs.

No major alterations to our current noise abatement program are

planned u_tll the Office of Noise Abatement and Control of the

Environmental Protection Agency establishes standards and provides
guidance concerning methods of Implementatlon.

D. Future Program Proposals and Objectives

No actloo planned until guidance is obtained from the Offlco of Noise

Abatement and Control of the Environmental Protection Agency.

llI Fiscal

A. Current Program

i. Real property value of facilities and equlpment used for noise

programs.

The facilities and equipment provided for noise control are included

in the overall cost of providing operating facilities and no
estimate of the value of the noise control portion can be provided.

A portion of the $25,000 described in IITA2 will be allocated to thls

category.

5



2. Current operating budget (FY 72)

a. Direct operating costs $15_000 - Research described in II B.

b. Indirect-estlmate overhead and maintenance $I0,000 - as
described in II B.

3. Personnel

a. Current authorlzat_on by type and classification.

No personnel specifically assigned to noise control,

b. Salary totals for program operation and contract management

None.

4. Contracts, grants I loans and subsidies.

None in the current program.

B. Past and Future Programs

i. Past programs

a. Expenditures for past 3 to 5 years.

(i) For Technical _nual, TM 5-805-9, Power Plane Acou_tlce

issued December 1968 - cost @33,866.

(2) For Technical _nual, _4 5-805-4, NQise Control for Mechanlcal
Equipment issued September 1970 - cost $30,000.

h. Facilities acquisitions for the past 3 to 5 years.

No identifiable costs for noise control.

2. Future program plans

a. Projected Facilities cost.

No specific budgeted costs.

b. Projected personnel levels.

_ No personnel with primary assignment to noise control program.

. _V. Ragulatlon and Certification
i*
I !

A. Authority and Responsibilities

.i

6



It is not expected that additional authority will be required.

It will be our responsibility to provide facilities and a

program to abate noise in accord with the requirements estab-

lished by the Office of Noise Abatement and Control of the

Environmental Protection Agency.

B. Actions Taken to Implement Regulation and Certification

Requirements - None until required to implement noise con-
trol regulations.

3. I. Organizational

A. Agency - US Army Medical Research and Development Command,

Office of The Surgeon General.

B. Authority - AR 705-5 and AR 70-9.

II. Functional

A. Overall Program Objectlves - To study the problem of noise in

the US Army in terms of sources of noise, biomedical effects

of noise, the populations at risk, and the means of reducing

noise production, noise exposure, and advance physiological

and psychological effects of noise.

B. Specific Programs and Research

I. Descriptions of Speelfle Programs

a. "Tra_matlc Origins of Hearing Loss" - The purpose of

this project is to provide information that may allow

a more precise sereenlng of nolse-susceptlble indivi-
duals at the time of their induetion and to evaluate

devlees and techniques for the protection of Army

personnel during noz-mal military operations.

b. "Auditory Perception and Psyehophyeies" - The purpose
of this project is to identify and assess those factors

which enhance or degrade the soldiers ability to attend

to, perceive, and respond to simple and complex signals

in the presence of various masking sounds; and to

assess and improge the predictive value of certain

models of the processes involved in the eommunlcatlon

of auditory infoz-mati_n and to use these models to

predict auditory performance in military tasks.

6. "Army Aviation Audiometry Program" - The purpose of this

program is to perform precision audiometrle tests on



a large sample of Army personnel to determine

their status of hearing; to aid in _hc establish-
ment of a more tellable audiometer calibration

program, to support introduction of an M0S for

operators of audiometer equipment, and to assist

in development of a training program for these

specialties.

d, _eoustical Environment of Army Aviation Personnel" -

This project has as its objectives the determination

of noise levels, durations, and spectra of noise

in which maintenance personnel are required to

perform their duties an4 to maintain a record of
the military noise environment with special emphasis

on Army aviation.

e. "Effects Of Distortion in Military Communication

Systems" - The purpose of this investigation is to

study distortion in these systems as _t relates

to type of microphone, environmental noise level,
and Intelllglbillty of military communication

systems. Theoretical limits with idealized sys-
tems will be determined as well as recommended

mat|lode to improve present systems.

f. " }{earing Protection Devices Evaluation" - This

study is to result in maintenance of readily avail-

able data, recorded under ASA standardized proce-

dures, of the attenuation offered by standard

helmets, earmuffs and ear pluss used by various

personnel_ and to estimate the protective proper-

ties of prototype equipment that will be considered

for use by Army personnel.

g. "US A_my Aircraft Vibrations Study" - The objective

of this study is to make a survey of Uhe vibration

spectra in US Army aircraft as they are affected

by noise reduction eharaeterlstica of soundproof-

in E material.

h. "Determination of the Extent of Noise Induced

.... Hearln E Loss in the Army" - The purpose of this

project is to determine hew extensive decreased
auditory acuity is among US .Army personnel, as it

relates to age, sex, race, MOS, hlstoEy of noise

exposure, and other factors. This will greatly



facilitate hotter execution of the llearing Conserva-

elon Program under the auspices of The Surgeon General.

2. Objectives

a. All programs are meeting desired objectives. These are

principally on going programs requiring continued

input as missions, materials, and other factors change

with time. For example, as new aircraft are developed,
each must be evaluated for noise hazards. Each suc-

cessive segment of the various program has met desired
objectives.

b. These programs are evaluated by continual internal re-

view by the investigators and their superiors; by re-

view by the headquarters monitoring officers, and by

repeated exposure of protocols and results to such

external means of review as publications in the open

literature, presentations at scientific meetings,

liaison with the NAS-NRC Cormnittee on Hearing Bio-
Acoustics, and Biomechanics; and coordination with the

NATO Advisory Group on Aerospace Research and Development.

c. Procedures

(1) Problem areas and research needs are identified pri-

marily through determination of operational require-

ments. Priorities are then assigned principally in
consonance with operational priorities.

(2) Specific actions to abate and control noise sources

are the primary responsibility of agcncles other than

the Medical Research and Development Co,and. Medical

guidance is provided these agencies to the fullest

possible extent consistent with established policies,
directives and other controls. Direct medical action

has, therefore, been aimed at control of exposure

rather than limitation of noise production, although

noise abatement at the source is the ultimate goal.

The medical programs to limit exposure are functions
of OTSG agencies other than USA.MRDC on an informal

basis between various investigators and laboratory
co_nanders and through such means as the N_B-NRC

Committee on Hearing, Bioacoustics and Biomeehanlcs.

(3) Capability for in-house research in bioacoustlcs is

excellent. Facilities, equipment, and expertise

9



are on hand to determine the parameters of the noise

hazardous environments, the psychological and patho-
physiological affects of these hazards, the effects

on operational capability, and the evaluation and

operational impact of hearing protective devices.

Nationally and internationally recognized specialists

in bioacoustlcs are available through various means,

including formal liaison with the NAS-NRC Committee

on Hearing Bioacoustlus and Biomeohanics.

(4) Future Program Proposals and Objectives - Future

research plans and objectives will be desig,_ed to meet

operational requirements. Anticipated work will

attempt to further evaluate the hazards, the popula-

tions at risk, and the preventive, protective, and

therapeutic measures of greatest value in combating
noise hazardous environments.

III. Fiscal

A. Current program

I. Real property value of facilities and equipment, $525,000.

2. Current operating budget (FY 72).

a. Direct Costs - $352,400.

b. Indirect Costs - $111,900.

3. Personnel

a. Current authorizations

1 GS-15, Specialist in bloacoustics.
;i

2 GS-13, Research psychologists (Code 180).

! I GS-07, Research Assistant.

_ 2 04 Research psychologlst, (MOS 8430).

6 enlisted Sclance and Engineering research assistants.

L! b. Salary totals (Civilian personnel), $95,000.

?
4. Contracts and re, ted items: "Development of a New

i Generation Noise Cancellation Microphone". Objective:

< to reduce the noise level in Army Communications Systems.

[i
.J

i0

[: !
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Eighty percent complete. Funding level, $40,000.

B. Past and Future Programs

i. Past programs

a, Expenditures: FY 69 - $283,000
FY 70 - $271,900
FY 71 - $327,700

2. Future Program Plans

a. Projected facilities Costs: $400,000

b. Projected personnel levels: Increase of present
personnel levels by 100%.

IV. Regulation and Certification

A. Authorities and Responsibilities - AR 705-5 assigns to
The Surgeon General responsibility for RDTE of Medical
Material and related items, and for medical aspects of
other developments in the total RDTE program.

B. Actions taken to Implement Regulation and Certification
Requirements - The RDTE responsibilities of The Surgeon
General are fulfilled through the activities of the
US Army Medical Research and Developmen6 Command and
its subordinate units by means of eontinulng research
activities which are designed to meet operational require-
ments and subjected to continual review at all levels of
colm,mnd to insure proper fulfillment of all commitments.

4. I. Organizational

A. Agency - A_sy Environmental Hygiene Agency and the
Environmental Health Engineering Services, Office of The
Surgeon General.

B. Authority

I. ARfs 40-4 and 40-5.

2. Title 5, United States Code, Sea, 150 - Army Federal

Civilian Employee's Health Service.

II. Functional

A. Overall Objectives

ii
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i. Assure that all eligible personnel (military and civilian)

are physically, mentally, and psychologically suited to

their work, and that their physical and mental health

and well-belng are maintained during service ur employment.

2. Determine that the work environment for noncombatant areas

is safe, hygienlc_ and wholesome.

3. Reduce the economic loss occasioned by physical ineffi-

ciency, sickness, and injury of military personnel and

civilian employees.

g. Specific Programs

I. Hearing Conservation Program - The objective of the Army's

Hearing Conservation Program is to prevent occupational

loss of hearing duo to noise. The primary sources of

noise in the military environment being impulsive noise

from the firing of small arms and artillery and steady

noise from alreraft, combat vehicles, power generators

and other industrial or military activities. The program
involves:

a. The identification, measurement and evaluation of
noise hazards.

b. The reduction of noise at its source by engineering,

or operational controls.

o. The use of hearing protective devices to attenuate

noise levels before they reach the inner ear when-

ever noise levels exceed 90 dB for steady noise and

140 dB for impulsive noise.

d. Andlometric surveillance of exposed personnel.

e. Command emphasis, supervision, and health education.

Further discussion of the conservation of hearing

program is contained in the TB Med 251, Noise and

Conservation of Hearing.

2. Objectionable Noise- To determine the nature and extent

,_ of noise levels to svaluate the environmental impact

from various US Army sources. These studies consider

the effects of noise to individuals on military instal-

la=ions and the surrounding environments. A limited

1
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number of studies have been conducted in this area =o

include an alleged community annoyance problem asso-

ciated with gunfire noise from the Wildflecker train-

ing Area, West Germany and an evaluation of environ-

mental impact of noise from aircraft operations at

Fort Hood, Texas.

C. Procedures

1. Problem areas are identified through studies, staff

visits, and complaints received by the various elements

of the Army Medical Department. Priorities are assigned
on the basis of need.

2. Specific actions to abate and control noise include the
technical review and evaluation of nonmcdieal material

to determine possible existence of health hazard due

to noise. This is done in part by the review of

military and federal specifications and Material Needs

documents. In addition, sound level measurements and

evaluations are made of equipment used or proposed for

use by the Army and recommendations are made for the

engineering and operational control of noise exposure.

Coordination is made with Army Materiel Command and

Con_at Developments Command with regard to the control

of noise in equipment which may be procured or developed.

3. Coordination with other Federal agencies is accomplished

through informal contact by individuals of the Medical

Department.

4. There are 85 individuals working in the Army's occupa-

tlonal health program at the US Army Environmental

Hygiene Agency and the Environmental Health Engineering
Services. It is estimated that they devote approxi-

mately 5% of their time in various aspects of bearing
conservation. In-house consultants in acoustical

engineering, bloacoustlcs, industrial hygiene, human

engineering, audiology, otolaryngology an4 occupational

medicine in the conduct of the program. Other resources
include NAS-NRC and civilian consultants.

5. The hearing conservation program and noiso abatement

program have been a major effort in the Army for many

years and will continue to be a major effort. The
directives AR 40-5 and TB Med 251 are under revision.

DA Cir 40-79 on Cormmand Emphasis in Hearing Conservation
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Programs has recently been distributed to the field.
A bi0acoustics division was established at USAEHA

last year to assist eormmanders in establishing com-

prehensive hearing conservation programs, to assist
in identifying noise hazardous equipment, and to con-
tribute to the development of equipment which presents
less of a noise hazard. It should be noted that

2,000,000 pairs ear plugs were issued last year to
personnel.

D. Future Program Proposals and Objectives - Included in the
Occupational Health Program Change Request (PCR) for
FY 73-77, submitted on 5 February 1971, was a request for

fends to expand the US Army Hearing Conservation Program
by strengthening the Bio-Acoustlcs Division, US Army
Environmental Hygiene Agency. It appears that these funds
will be made available. This request provides for an
increase of five persons for the Bio-Acoustics Division.

Expansion of the USAEHA hearing conservation and noise
abatement program also takes into account requirements for
implementation of the program at installation level. To
accomplish this, efforts are being made to assign an

audiologist to each Class I installation where a preventive
medicine officer is assigned, with primary responsibility
for the maintenance of the installation hearing conserva-

tion program. This plan would require an addition of six
audiologists each year until this staffing level is reached.

Ill. Fiscal

A. Current Program for US Army Environmental Hygiene Agency and
the Environmental Health Engineering Services does not include

the personnel and resources such as Armed Forces Examining and
Entrance Stations, Federal Health Services, Ear, Nose and Thro_t

Clinics and hospitals for which statistics are not currently
available.

i. Real property value of equipment - $71,000.

2. Current operating budget (FY 72)

a. Direct Costs - $47,000. !

b. Indirect Costs - $117,900.

3. Personnel - current authorizations include preventive
medicine, occupational health, sanitary engineers, environ-
mental sanltarians, and audiologists which total 85.

14
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5. I. Organizational

A, Agency - US Army Materiel Command.

B. Legislative Requirements and Authority for Noise Function

and Funding.

i. This command is unaware of any legislative requirements.

2. Authority for funding is from Department of the Amny,

Department of Defense and Congress, based on Army's
missions and functions.

If. Functional

A. Overall Program Objectives

1. To lessen detection time and distance.

2. To improve conununlcatloss, fire accuracy, operator

capability.

3. To improve health conditions and minimize annoyance

to personnel.

B. Specific Programs and Research - The following military

projects are for noise reduction:

I. Noise Reduction for the D-7 Crawler Tractor (Commercial

Item) Under Product Improvement Project 1-68-9-27:

$205,000 for in-house and contract efforts. (Contract

to Caterpillar Co.).

2. Silencing systems for the i0 KW Turboalternator i

Program under Project IG664717D589:

FY 71 - $99,000 Contract; $i0,000 In-house; FY 72 -
$10,000 In-house.

3. Sound Suppression for the 30 KW Gas Turbine Generator
Set Under Project IG663702DGII:

FY 71 - $6,000; and FY 72 - $6,000.

4. Silencing Provisions for NIL STD Generator Sets Under

Project IG66471gD589:

FY 70 - $63,000 Contract; $50,000 In-house; FY 71 -

$29,000 Contract; $50,000 In-house and FY 72 - $15,000
In-house.

15



5. Product Improvement for Compressor, Air 600 CFM,
I00 PSI. Funds have been requested as shown:

FY 73 - $i00,000; FY 73 -$162,000 and FY 74 - $168,000.

6. Basic Research on Human Capabilities, Army Human Factors

Engineering - FY 72 - $75,000.

7. Rotary Wing Aircraft Noise Reduction (To minimize
aircraft detection time and distance):

FY 71 - $320,000; FY 72 - $350,000; FY 73 - $400,000;

FY 74 - $400,000; FY 75 - $400,000 and FY 76 - $400,000.

0. Procedures

I. Identification of Problem Areas and Research Needs -

Priorities are assigned based on military needs.

2. Specific Actions to Abate and Control Noise.

a. Control basic design.

b. Muffle.

c. Insulate.

d. Baffle.

e. Warning signs.

3. Procedures for Coordination with Other Federal Agencies.

a. Routine liaison is maintained with Air Force and Navy_

b. Selection and dissemination of pertinent publications.

D, Future Program Proposals and Objectives - See above listing

of projects (Future programs would be revised to comply with

future Federal legislation).

III. Fiscal

A, Current Program

i. See above listing of projects.

2. The number of personnel engaged in sound control work

is estimated at one man year per $40,000 expenditure.

16



IV. Regulation and Certification

A. Army regulatory documents are:

I. Section llI of A_my Regulation, AR 40-5, Hearing

Conservation Program.

2. HEL Standard S-I-63B.

3. TB Med 251.

Compliance with these documents is mandatory within Army.

(Copies of these publications are enclosed for your

information).

3 Incl

as
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I.' INTRODUCTION

i. The data containedwithinthisstandard reflectthe officialpositionof
i

theU.S. Army Human Engineering Laboratories toldsui,_rsedeallother do'to

from these laboratories pertainingto_he subjectofthis standard.

2. }|uman Engineering Laboratories (HELl s_m_dcrds are issued for use by

the major subordinate oommmnds of the ..\rmyMateriel Command (AMC) in the

area of ])uma_%factors engineering.

3, HEL standards provide _fidanco to the major subordinate commands
of AMC for the inch|sion of humm_ factors engineering z'equiremen_s in rese,'u.'ch

and development or procurement contractualdocuments.

4. HEL standards willserve as the basis for a hun3an faccm:scngi;',eoring

evaluationby the Human Eng,/neeringLaboratories inaccordance with AMCR
10-4.

II. SCOPE

1. This standard establishes the maximum noise level permitted a:

personnel occupied spaces of equipment dcsign_od, developed or procured b':
AMC.

: 2. This standard es_ablislles 01e tes_hlg requil"cmen_:s for determining
i "conformance to _l_e maximum noise level permitted.

; i

i ! 3. This standard is not Lnrended for application as an industrial stm_dard.

: Its {*so sl_all be limked to military oquipmcn[.

:;i 4. This standard is not to be considered as a hearing damage risk
,. cz'Iterlon._ .......... --" .... ' .......... "_'_"_ .... -_- ....

:i
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1]EL .',_andard S-1-63B

I. The documents citedin thissectionforJ'na part of thisstandard to tl_e
extent specifiedherein.

a. ASA Z24.I0-1953 Octave-Band Filter Set for the Ana]ysis of
Noise _nd O_hor Sounds

b. ASA SI.I-1960 Acoustical Tqrminology

c. ASA SI.6-1960 Preferred Frequencies for Acoustical
Measurements

d. ASA SI.4-1961 General Purpose Sound Level Meters

2. ApplicalAons for copies of these documents should be. addressed to:

American Standards Association

i0 East 40d_Strce_, New York 16, NuwYork

i

VI. DEFINITIONS

1. Definitions of acoustical terms Umt do not appear iJ'__his secT:ion are in
accordance with ASA S1.1-1960.

2. ....Decrial (riB) Reference Levelis 0,0002 _,_c_oLar._•

3. Impulse Noise is a non-periodic variation in atl_osphcric pressure

',vkich n'my completely be described by its pressure v_sstime history. It't:c,s a
poskive pressure envelope dm:ation of }ess than'l, 000 milliseconds ;rod a peak
to root mean square value greater dmn 10 dB.

4. Positive Peak Sound Pressure Level is U',e highest instantaneous pressure
achievcd (expressed in dB or in PSI).

5. PositivePressure Duration is the time rectuk.edf_r the pressure wave to

rise to itsfirst positive pea}: and to return lllO;ll{'iltal'i]y tO ambient.

2
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6, Po,_itive P_essurc Ph,'.'_,iopc: Dur:,_io;; is the time required for Li_o.

pr_ssuL'e wave to) rlsi: to It:; h;c_F,.u.';_ l)o:;Jl D,'¢: _ e_._ alld _o deci'oasu to cJ_d ]Tc,:',_qill

20 rIB lx_low this highes_ peak.

7. Small Arms - all arms, including automatic weapons, up to and including"

caliber .60 m_d shotguns.

8. Steady State Noise is a periodic o;"rm:dom variationin atmospheric
pressure at audiblefrequencieswifichhas a positivepressuze envelope duration
in excess of 1,000 millisoool:ds.

V. GENERAL P,EQUIREMENTS

i. Equipment operating,training,or ma|ntenanee tasks shallnot require

• I_D.,. I Orpersonnel to be exposed re noise thatexceed toe levelsspecifiedis "'^' '_

2 and Figure l,

2. Noise reduction principles and techniques shall l_ applied to the equip-
luent to achieve a lllininlulll ;1oiselevel at personnel occupied spaces.

3. The degree or extent of application of noise reduction principles - -'7_lu

teclmiques to equipmeht shall be. determined by the procurh_g activity.

i 4. Noise reduction shall n o_t be accolr, plished by spec,ifyhlg oar protective
, ), . ¢ ,).

: devices as ma_da,o,._ ,o,. use by system ..........F_,.-)u..d_ U;;_eSS:

a. The cost of reducing tl_e noise level to or l-elow the noise leve!s
.,, stated herein is prohibitive.

b. Systems effecd_,eness ,s degz,,_,.'c....... by. reducing the noise level io o_"
: below the noise le,.,ols of rids s_andard.

5. The provisions of paragraph 4 (Section V) shall Im determined by the

i procuring activity.

!
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VI. STEADY STATE NO1SL REQUIREMENTS

1. An octave-band analysis of d_e steady stem noise produced by the
equipment shall be made, TP,e analysis may ba made using the commercial
frequencies (ASA Z24.10-I953) and their respective noise levels ('Fable 1)
or tile preferred frequencies (ASA St .6-1960) and their respective noise levels
(Table 2).

TABLE i

,N_atel'lczMaxhnum Stead}, &a_e Noise Level /oz" Army _ ' Command
Equipment

r _) , .(Commercial Frequencies [ASA Z-4,10-_9_3] )

Octave Band Limits Center Frequency Noise Level
/. D(ees) (eps) _,1_.)

37.5 - 75 53 i20

75 " 150 106 115 i

150 - 300 212 109 i
i

300 - 600 425 lOl

600 - 1200 850 93

1200 - 2400 1700 39

2400 - 4800 3400 89

4800 - 9600 6800 91

,,. , , ,, ,,, .,,
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TABLE 2

_ !-Maximum Steady State Noise Level for Army Materiel Comm,'md ,-qulpment

(Preferred Frequencies [ASA S1.6-1950] )

Octave Band Limits Center Frequency Noise Leve_

(cps) (aDs) (dB)

44- 87 63 119'

87 - 175 ]25 114

175- 350 250 107

350- 700 500 99

700-1400 ']000 91

1400- 2800 2000' 89

2800- 5600 4000 $9

5600-11200 8000 91

, , , , , ,,

2. A steady state noise level reading at each octave band shall be

,.determined for the.follo_ying situations and combinations thereof: to be taken at

thd head position of:

• a. Each'operator position under all noni_al'operadng conditions.

b. Each instructor mad trainee position where training is conducted.

a. Each main,enance personneI positionwhere maintenance is con = '

dhcted wlth the equipment operating.

, d. Note: Personnel will not be use?/ in these positions during the
measurement p_'ogram unicss it i_ essential to the condua_
of the tes_.
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3: Where ix:rsonnel ethyl: til'm_ an opera,:or, instructor or maJnten."dlCe man

may be Dz'esent in or on the equipment, readings shall be.made at representative

positions occupied by these persol_nel in accordance with the conditions expressed

in paragraph 2 (Section VI).

I

4. The sound level meter and microphone used to measure the noise legel ,

_Jlcludblg calibration requirements for each, shall be in accordance with

ASASI.4-1961. The octave band analyzer used shall meet the requirements
of ASA Z24.10-1953.

.5. When pure tones, or narrow bands of noise, are presenl; in nny octave

band, the sound pressure level of that octave b,'undshall be reduced from the

level shown in Tables i or 2, by 5 :JBfor frequencies above 1,000 cps and I0

dB for the frequencies below I,000 cps.

6: _,Vhez'ethe steady state noise level exceeds tllatspecified h_ Tables i

or 2. the distance from the source at which the noise level is equal to or

below tlla_sp,2_cif]edin Tables l'or 2 shall be determined. '

?. AI:the discretion of 1;beproc.uring activky, provision shall be n'*ade

Yet ol"x_radon of the equipment /_.'omthe dist,'u]ceat which rhe noise ]evel is

equal 60 or below t]mt sl_cified hl Tables i or 2.

8. When the noise level of the i_em of equipment exceeds that specified

in Tables i or 2, the equtpnlont shall I_ c9nspicuously marked as follows:

"Warnin._, ear protectionrequired within feet when eouiD:llent is

operating." The nuniImr o_ feet specified in tilewarld_:g will be the resuk of

meastirements made in response to paragra_)i]6 (Section VI).

9. The warning inarking siYacifiedin paragraph S (Section Vl) shall be

legible from the distance determined it*parag_.'aph 6 (Section \q).

I0. Where tileequipment stead),state noise k.vel exceeds tilelinlks of

Tables I or 2, tra.hling,operath_g, m_d maintenance m:uluals, bodl prelimh:ary

and final, will cite the warling and distm_ce stated in paragraph S (Section V[).

6.



VII" IMPULSE NOISE REQUIRiMENTS

f. The impulse noise limitsexpressed in Fig'are1 are the crite_.'iaof
acceptabilltyfor small arm s . Other weapons which fallwithinthe limitsof

Figure 1 are acceptable Weapons larger thaa_ small arms that do nol: meet

the limitsof Figure 1 must be reviewed fo_:adequacy on an individualbasis.

2. To be acceptable, positivepeak sound pressure levelvs. positive

..pressureduration shallbe below linlir"A"'of Figxlrei and positivepeal:somjd
pressure levelvs. p.ositivepressure envelope duration shallbe below limit"B".

3, Where positivepeak sound pressure levelmeasurements are made in

pou/idsper.squaxe inch ([_SI)Fig'are2 shallbe used for conversion to riB.

I [ I 11 t iz i i i I • ,_i,

> 158
0

,-1 156

' _ 154

. o 1,5Z i Limit "lB"

0

._ 146

: _, 144

': ._" 142

L "1 i 4' , i i , m

:i _, 0.1 02 0,5 I 2 5 IO a0 50 I00 200 5,00 I000
i,

,J
a Duzatfon (rMlliscconds)

!

Fig. }.. Ma_,/mum Acceptable Impulse Noise Parameters for
Army Materiel Commmad Small Arms
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4. For lueasurernen_ purposes, shoukler fired oz"hmnd-heJd weapons will
be lnounted with the bat're] at ]oasl: -.'-qlaches above and pal.'al]el to the grou_d
and with no Ifirge reflect'ingsurfaces, including personnel, closer than 30
inches to the muzzle or d_e transducer. All or.hot' weapons wilI be measured
in Lhe physical position told in the system location from which they are normaily
fired.

5. Three pressure v!stime historiesshalll>amade ofthe impulse noise
produced by the firh_g of three rounds, one round a_ a dine.

6. The average of the three pressure vs time history measurements will
b_ do_errnined. The average of the three measurements willbe sufficientif

the pos*tivopeak sound pressu:'eleveldoes not vary more than + 1 dg. Ten

measurements %vil[be averaged ifthistoleranceis exceeded.

7. Pressure vs time historiesshall be ob=aincd usfi_gan oscilloscope and

a transducer possessing the followingmh'_in_urnrequirements:

a. Amplitude distortion- less than 1.5 dg at the pz'essurebeing
measured.

b, Ringing and overshoot - less dmn 1.5 dB at the p_'_ssuro being
measured.

c. Rise time - 10 miezoseconds or less at d_o pressure being
measured.

8. Two ofthe three pressure v._stin:ehistorymeasurements sl_allbe made
as fellows: one at an oscil]pscoposweep speed of 50 rnicroseconds/cm.mnd one

at 1 millisecond/am swoop speed.

9. The transducer shallbe placeda_ the point,"relativeto the weapon,

where the leftear ofa righthm_.dedshooter or operator would be positioned,

I0. ' Tzansducers silalli_ oriented a_ an angie to prevent a pressure
increase due to refleationon the transducer face.

'8
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%;..,,_I. CO_,:_, /::CATIONS

]. Where conth_uous ?-_rsonto person (non-electricallya/ded)com-

munication of informationis a system rcquiren_ent)the steady s_atenoise levels
should not exceed those expressed Ln T3blcs 3 or 4.

2. _v[easurements shallbe made in accord,-mcewith d_e requirements of

Section VI paragraphs i, 2a, 2d and 4.

TABLE 3

Maximum Steady St'ate,X'oiseLevel for ,qon-E]ec[ricallyAided
Person ro Person Communication

(Commercial Frequencies ASA Z24.10-1953)

bctave Band Limits Center i:rcquency Noise Level

(cps) (cL_s) (dS)., J, • .

37.5 - 75 53 79

75 150 I05 73

150 300 212 6S

300 - 600 425 _4

600 -1200 850 62

]200 - 2400 1703 60

2400 - 4800 3400 58

4800 - 9600 6800 57

I0
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TABLE 4

Maximum S_cad_r S_ate Noise Levdl, fo_" Non-Electrically Aided
Person to Person Communications

(Prefer'redFrequencics.ASA Sl .6-1960)

,' I

Octave Band"Limits Cen_ez Frequency Noise _evel

(eps) (c s)

44 - 87 63 77_

87 - 175 125

175 - 350 250 6 !
p

350 - 700 500 63

700 - i400 I000 61II40O.2800•200059
• 2800 - 5600 4000 58

5600- 11200 8000 57

IX. NOTE
J

J:

l. Technical guidance concerning the pcovisions contained inth/sstm_dard

may be obtained from:

•Acoustical•Research Branch

Engineering Reseaz'chLaboratory

U.S. Army Hu_nan EngJnee_.'in_,Laboratories

Abezdeen Proving Groufid, Mary|and

11
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Headquarters, Deparhr, c._;lo:' _.h,._ Army, "9,':_hin_Ic, n, D.C.
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_:s_enti_ls eta |leari*tg cotl_orvation progratu ................. _ ::..L.'.._.../_ \" ,,t _ 4 3

Dng o_s ..................................... _._.., ...... ';.'_ _... ;: o 7
}Tealth educe(lOt% s.pervt_lnn, _nd dl_ct,_h_? ............. :-2 ..'.:.. _'...;.. h/O (_ 7
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Speci;d_._istanee .............................. ._'....'_.z '.'._ .. .. S $
Appendix ....................................................... '. ...... I)

1. Introduetior*. a. It has long beel_ recognized recognized in b_dt:s_rlal-Lvw' installatio::; ,,mph_yi:',_
.that continulug exposure to loud noises may result civilians. Hearing conservation programs h_ve hoe:l
inpermnneut impairment of hearts,% whlehm_..y affec_ ht operation in some of d_ese installations for Team-',
combat eliieiency and which is a recognhed physical Any orientation of this douumettt towr, rd such !
disability under ntany laws ift this eoutttry. That insta]lation_ is uot to be construed 0.s em._h_..-ix'%,
this is a disability which can. in many instances, be the importance of ti_c i_ro_r_n _, an;c, nZ civi_.i_;_

, prevenled_ has been likewi_ wall esttd)lisl_ed. Sur- emp!oyees v.loue. Such ,'._riel_tetion T_ _uerol>" :.
l,eoaa or" military orgsuizatio_s arid indua_rh,l reflection oi experieme to date. 'Zhe i:ri_*eip:c:s
physleians in the employ of the Army ,_hould, there- and methods atop!.'."equal!.'," v.'elt to m:.'.i:::r7 or_zni.
fore, be fsmiliar v,'ith the effect of'ntA_e on he.".ri_,_: antic::='.
end with measures whleh will.prevent .loss of hearh:g
from sueix cause. It .;s the responsil.,ility of tl:c,-_ 2. Imlmrl:mt Facts llele, thtz to Noise and i',s
mediral ofiicers not only to he fami'.iar witi_ th!s F.2'_'_: cz t_:._ ._':_r, c..Y'cf.;e :zr.y t_ ¢!:._._:-.i :..;
subject, but. to identify nohe h,'tzards which may a_:_,' Imdesired so:rod. Sc_'..:_'.dis vibrt'_'.:,.,::ai chert,'
exis',, in the cr, virenment of pcrz,_;::;e! for ',vhc,m rap._L:e o'." i,_i:_= itcard _:t:d _torm,'-.i:v i._ tr_;';._-
the:," have health responsihilhies, :u_d to inhi,_.te mitred (o the eat" tltroe_|t :_ir. "[;t;(_er co.';P.:u ¢o;idi.
hearing conservation prugmn'ts wi_elx i:xdicated, tiar.s. :raise n:5:," iuiu:'a ti:e hearh:'_ r;z;r:,h"-;ti.-':;,

b. _l'his bulletin sutulnarizes seine imporuuu ':'v.o _:..o:.,_;._::-' ,_.:,:uti;it _. ;,,i,'*: ;;;l _;.',,9,'_ .,;. _,¢.., i...

fr_ets relatlng lu noi._e and its effc_._ c_ the ear. a;:d ,_t; wLether any _i'.'c_l soumi haS:: be h.kz:ti't[,_tls t.,

outlines the essential features of a preventive pro- tm,_rmg. '.thuse are irequer;oy auc mt_:t_ay, nude:
grain which ]ms as its aim the conserve(ira( of hear- ",tez_;'._ h:ch:dc t.L,'-;l.'-:uru ,A' i!:_: zc,uud :',i._::,h:qn;:_:
ing, lispurpo_elstoalcrtmedic|do_eersundother or ste:x,iy, intermittent or continum]_,,; ti:c len,'i:h
physicians in the Army to this prob!om, and pro- oi exposure of the ear to the sound; and the relallve
vide guidance in these rireumsttmces where a ser,_it{vky of the ear (c below),

probl?nt of p¢_tontially hn_'_rdous _*oise exposure b. Hearing Io_s eeused h:." ::o_se may he :e:np_._r::ry
exists, eltl_er amo,g military or eivilh_n persom_el, or i_ernmt_o,:t, l"enaane:u hc,arieg lo_s f¢ont err-
Although the prohlettt is important, a:nong both posure lo lurid noise is generally tit,."re__ah of da_u't_e
milhary sttd (civilian pe;'_onnel, it. has Le_n hut;or z,:, zLa e;,d ovg.:,- 6." hea;':h,:, or org:.:_ _.,f Curt!,

• This ptlblicattozl _upot_edes Tit ._II':D 2;i, I1 _ta:.. 1.%_;.
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c. The ears of some imlivlduai_ .re more easily presstlre level in a blrge ellevi, dsttal]y is bol,WCCll
injured hy Iledse ihka are the ear_ of others. Further, 80 and 70 dceibles,
noise aSllally eallses more impah'lnent of hearing e. ]_tcll Js lltaLattribute el"all ;tudliOl'y sellsatian
for high-pitched Imles than for low-pitched ;ones; in (arms of Irllich SOlmd8 ll_ay he orrlel'e{l oo it

andj ill tile begilmhlg, most of lhe hnpail'llmllt is scale exleodiog from low to bi:._h. Pitch depeuds
above Ilia pitch ranges important to the Imder- primarily epou the frequency of sotlad slhnuhls.
slnndhlg of speech, Therefore, early daIllal_ro iS llOt d.q.'one is an acoustle stimelus wllose presstu'e
noticed by the intclh'idual, Detection of losses in retries in a parfeclly periodic manner. If there is
these rn,lges by the physician ia ilnportac_, for ouly one eoitlpellellt wlloaC in.assure varies lit 0.
these losses may be regarded as di_.nger algae of simple sillusoidal mamler_ it is teri_led a "ptlro
potenlial furtherhcaringlosscs. Contbluedcxposure lace;" if it is aaalyz_ble line _cve;'al sueh tempe-
will cause progression of damage including involve- nests, it is termed a "temple:; tone."
mont of the speech frequencies Ivhich, if allowed e. Nolse iu the most general so:lee is dashed as
to reach nn ndvaoced stage, will cause severe haudi- at,3' unwsnteci sound, be it pure tone, ;l complex of
cap. Deaflless caused by noise eaa be preve_lted tones, or ultws.oled sl)eecb or mu_ie, The |crm
by reduchlg to a safe level tile intensity of tile suuuda 21else is USLUl]iyapplied, howeveG to _t,tlnds l_hat
that actually reach the inner ear. have a complex character acoustically/ Ji.e., nee-

d. In many instances where iajerlo;isly loud taillblg it large number of separale f!.eqsenc.v cemgn-
noises are associated wilh all iedlvidnal's occup:_- nents that exteud orer a wide :'_.;Ige of frequeilcies
teen, the intensity of noi_d cannot be reduced to a and which arc l)ot aormMly geocr:xtcd to convey
safe level by ally practical method of "sound treat- meaning or information.'
ment" of wallet machines, and the working environ- fi Steady noise is uoise that does uot significautly
meat. ehaegoinlevelorspectrunL
e.Wearingcottoninthecarsdoesnmt generally g.A spectrumofsoundisthepatternof thedis-

suffieiemlyreducethe amount of noisereaehlng.IrJbtltiottof energyor sonnd pressurepresentat
the hmer ear. Several kinds of car protectors itra different poims or areas Mocg tile scale of audible
avnilabie, which when properly fitted sad worn, frequencies. It is eo;:_u',on piuetlcc to ll:casuro the
reducnmauy ioju|'iouslyloudsoundstoa level.safe spectrumof itsinglecomplexsoulldor uoistJby
fortheinnerear.The Army .X,lediealServicepro- nteansoffihcrstil:,t,extendoveran area along the
curesand issuesearplugswbiehhavebeendemon- frequencyscalethatisone octaveillwidth;i.e.,
etrated by tests to be effective., tile band from 150 to 2,00 c.p.s., :_;00to d0_ e.p.s.,

f. An indii,lduaI's abilic,' to heal' eepitrate tones 500 to 1,200 e.p.s., etc. Tile results o_".,. spec:;'um
from tile lowest to the highest can be measured anal)'si_ made with octave bat;d fillers is called
accurately with it pure-team itudiometer, The the octave b_nd spectrum of th._t aolse.
sound pressure level of noise isme_sui'ed wilh a sound h. Impulse or _mpaet nolsa ]il cLai'.ictor_zed b_' a
level meter, and its frequency composition is deter- sharp else in intensity followed by a r,'qlid deellse
mined b2"laeans of an octave bitnd aoal),zer, ill illtenslty, such as that produced by atilt ,_ir?. It

Call not be measul'cd actluv;tie]y with all ordillary
3.Definitions.o.Lol.lllnessisflintattributeof eoulldlevelmeter.

an'auditory setlsation in terms of which sound may _'. The aud_ogram is a record of the i:tdi','idual's
be ordered oil a scale cxicmjiug from _ul'i, to luud. :icai'i.g _ca_i_ivlty ill c;_k e:;r _'oc_:ic:, uf _ :_uli,b_i"
Loudness depel_ds primarily upon the intensity of pure tone test freque!leles. The moeslm; .of
of the sound stiryulua, hearfng sensitivity Js _he i_|dlvidual's tbrcshohl of

b. The decibel (db) is a tens borrowed from clea- hearing, which is the lowcst intcnsity of u given
trical eommunieation engineer!ng, altd represents a tone that" he hoar&

• relitti,,'e quantity. 'Whoa it. is used to cxpross noise . .L The audiometer ]s tile iusLrumeut used to
levels, a reference level is implied, Usually, this obtain an audiogram.
reference lnrel is a sound pressure of 0.0002 dyue /.'. The bearing level o|" an eat' a_ a speeilied
per sq era, and can be referred to as "0 dneJbele." freqnency is the antoun/_, iu deelbels, by which tile
This starting point of the scale of seine levels is threshold of audibility for that ear exceeds, or is
about the Mvel of the weakdst sound tlmt can be less than, the standard itudlometrie threshold.
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_2;,a pr_vc:_tion o_" hcaH.._ 1o_ h,,..._p_urv to eemmoa to mm_y b_st:dtarAon_ whleh
noise involvesthe coordhmtedapplicationof usuallyare sourcesof ha:,.:_rdous-noise
engiucoriugcontrolnlc.'_stlrps,personalprolcctlvc are the ir.terio;'sof tanks,per._oa|tel
measures,sad medicalcontrolmessurcs,supple- Carricrs,and truckcabs;fieldcleetrical
moated by healtl_cducatiou,supcrvisiolhaad dis- generatorsets;m_.ohineshops;c:u'penter
cipllnoof porsomml. Whereverfeasible,such a shops;shoot-metalshops;enginerepair
program shouldbe preccdcdby a noisesurvey, and testingshops;wespeas-firhl_;ral!ges;
However,theiastitutionofa heal'hlgeoesorvalios any arcswhoreair-driventoolsareused;
program is iudioatod in the absence of'.x noise survey aircraft in operation on the ground and
wheneverpersonshave difficultyiacommuuieating in flight;and aircraftenginesoperated
by speech while tbcy m'o in the noise area, hc:_r on stands. Aa iaventory sitould be kept
noises or ringing in their cars after working in the of all imzardou_ noise areas. A suggested
noiseareaforseveralhours,orl|avctemporaryloss formatfor recordingthe dat_ gathered
of hearing that muffles speech and eertaia ether from the aoise survey is available frma
soundsafterseveralhoursof exposuretothenoise, theCommaruliogO,'fiecr,U.S.AtTayEa-
In certain borderline chses, however, a noise survey vh:onmenlal Hygim:c Agency,' E¢!gewood
is _. prerequisite. Arsenal, Md. 21040.

a. The Noise Survey. (2) Noise exposure and hearing eonservalion.
(1) A'o_c nlcasurtimeaL Au ossessl¢lcut should The current, knowledge of the rdatlonship

he made of the locatioa and extent of of noise exposure to hearing loss does not
noise-hazardous areas and personnel ex- pem_it e_tablishiag deffuitivo standards
posurc. At all loeatioas where noise makes demarcating ssfo and hazardous noise
itdifficultfortwopersonswithgoodhear- exposure.Itispossible,however,topoint
ing to converse at c]ose r_uge, tests should to certain noise levels that indicate when
be made with a sound level meter, if it is advisable to initiate hearing conserve-
feasible. 'l'ho average overall level is ties programs. If the noise analysis
determined by several meter readings nmds reveals levels for the various octave bands
at each location. In general, whore it is in excess of those listed in table I the
neecssary to shout in order to be heard initiatioa of a hearing consorratiou pro-
intelligibly at a distance of 1 foot, the noiss gram is indicated:
levelisatleastand prob_.blywellover90
db. Because steady noises item difi'orcnS 7"abler

which '.:ary in their cmnposition _o0
sourceS,andspectra, are related to the production Octave band In el,s tS0J [G [t°0',q[d ]4_00

300- 00- - -.,. - 5 -

I3ooIooot:ooI,.,.:oo!.,soo_oo
of heariug leas, _t is e_seatial in conducting 7-- __ __ _ 1__ __1

a survey that the noise be analyzed. This _oundprc<-surolevel ' 02 8a _5 $5 .85 85
can be doneby use oftheoe_avoband an- a daly.zerwiththesoundlevelmeter. Noise
levelsshouldbe measuredat_heapproxi-

mateposltioaofthe 'we._crsme cexposed Theselevels:_pplvtooxposurutorelatively
'ear. Repeated mcssur_men_sshouldbe stead:,,broad-baudnoiseswith relatively
made totakeaccountofvariationsinnoise fiatspectra(noiseshavingabout equal

levelsproducedby"changesia operating peaklevelsin2 ormoreoctavobands),and
schedulesor work procedures.Equally do not apply toJmpu.lseor ntirrow-bund
importantinassessingnoiseexpos!|reisthe noises.For pnretonesaud :_arrow-hand
mannerinwhich thenoiseisdistributedin noisesthe presenceofwhich ishulicatcd
time throughout't_ typicalwbrkdny, by relstlvclyhigher(hdb or mob;e)levels
Whether the noiseiscontinuousorinter- iila sh_gleoctavecomparedto adjacent

inittent_steady or impulse,shouldbe ballds,the levelsatwhicha hearingeoa-
'detdrmined-durlng the survey since these servation program should be luitlated are
characteristics have an important bearing 5 db less than those In table I. In the
on the question of hazard in a givea noise abs:eucc of octave baud analysis, hca,'in_ .'
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ia a]lareasw]ieJ'e [hc ovoraH no_se intenSiLy in their ._dcutien. in exposures t ex-

is 90 db or grealer, if damage to the ear trcmely high stc:tdy-state noise levels
is to be preveeted. (120 db aud above), plugs trod muffslahlst

(3) Impulse nei,_e. It, appcara that, copeatcd be wora together. . |:
exposure to ilopltlae uoJsa exceedhlg I.I0 db (2) Well-desigi:_d and p:'o';.ocly gt.ted ear plugs
eoulci result ia significant, lass of lmarlng in or ear nmfl's will provide atteauation ef
zome incllvlduals, Data obtnined on the noise reaehi_;g tile inner ear of f:'em 15 db
firing of small arms incllcate that. exposures iu the lowec frequencies to 35 dt_ ia _im
to noise levels in excess of /.I0 db resul" il!gher fruquencies. _l_....hl,_ ca. p_t.,,_ a ....
ilpon firing nny of tile cennclon slaM[ el+Dis, ear llltlffS logethel, t however, does llo_
'l'im wearing of udequate ear protective provide attenuation equal to the.sum of

devices by all persen,lel so exposed is t,haL provided by woariP.g ear p!ugs or
maecintory if damage to the ear is to be oar m.ufi_scpacateiy. 2"he eomb!aatAon o_"
prevented. Lxposure ef persoonel to plugs and muffs pcovldes from 35 db to .1O
inlpulse noise below l-t0 db may also be db lrloia0 attenuntlon at, most frequel:cics.
hazardous to some very seusitive cars, lleguhtr rise of car proteeth,e devices is
depending on the extent, of :inch exposure maedatery for all individuals exposed I.o
and the '" _" :........ _ ",' ;"_ inn,t_/,s,,a of tim heine. When sue}: odsa in e..c+_+ of the Ieve!s o...l..._d
exposures exiat, a dute;'n',iaatloa of the a(2) and (,33 above. Little di/llculty is
need for cal' protection shouM be made by experienced Ly per.seas with ao;.mal ima;'-
competent perilous based on these factors, lag in u lcierstnndi ig specs I w m ca. pit ,.'$

b. 13nflinccring Comrol Measures. Tim carlton- or muffs are worn if the voice is raised
m eu/al control of noise exposure may invoh'e the slightly abox'o the level of ocdiilar 5' co:l-
solution of complex noise rednetiou problems, versMioa. ]lettla!ly Jb is easier focs persolt
Muny sac'h projcets slmuld be UllClei'tallea only whh to hoar aud t:lldorstaad ,'tuclltory sig:::_!s,
the help of acoustical engiocers or eonsu!tants ia 8lleil ne speech, lit it sufiiciuiltly aoiuy

.. + . ill+.,noise cootrol. "rile following lee ao]s ef lloJ£_ eavii'onli_ont, tx'ith ear a tort, +.Oil .....
control are mentloued, however, since they may without it. A si,nllle denloll.5[FP.tlon llt:12+"
feoslbly he appiMi to certain sltuatimts: reducing be useful it't diseusshlg this proNont u'ith
the amount of ooise proclueeci by the source, re- ot!:or porsenue!. Put the tip of a fit:gee

• ducJng ti*e amount of noise t,canslnitted tiirough ,qrnl]2,° into each ear c;mal while coavecsi:l.g
air or building struetuces, and revishlg tim eperathlg in n lioi<_" cavlr,_:nncat, it ','2: b_ noted
procedures. F.xanlplcs of ooiso source reduction tim[, conversstion ('all b_ Inlderatood uteri2

_+,,*t iiOi_include: sai_stituting new equit;n:ant :or +_'_ ensily.
ill use, l_e:'iodieally performing repairs to and prep- (3) Properly fitted sac plugs _ 'h not cause
c .ly mnh ni ng equ pn on , atd/nakhig changes in dnmuge to the noFn',sl eat e .11 .I e_r _...=0
proccssiltg methods. Examples of redtlchlg noise arukept, reasoaablye/can,i'lug_ should ha
tcalism_ssion i/_¢.ludc:hlcrcashlg the tlie:ra_+eei+etv.'eca fitted indh, lduMly for oath car littler
tl'Ol'k ureas and lleise _ouct.es, p'ox'idhig • -':_ ' _' ":""'. "" "aivu._,,,. ,, nlcdical supsa't'ision. O. cs_.,+....].., t::'-"

.{ barriers betwceo work areas a!tcl noise sources, sepal'ate car canal ill tixc s:;;ne htdh'idua _.
: reducing reverberation by souna-treating work will require p'tegs ei _. di,'iu;'t:.,, s;au. ak

area roont surfaces, and instalihtg vlbradun i,Matiou good seal between tile ca:" ph:g und the

; mounts under equipment., Examples of olmratiug eat' canal is also very Jntpel'tant _o that
; procedure changes inclnde: providing acoustical no leak develops, Some initial ciiscontt'ort,
,+ observation hootlm, providing soued-isolated renters may be noted with a good _eal. If car

control positio_m; ehanglug job scixcdules, and re- muffs arc chosen in prefe;'encu to ear
;, tath_gpersonnel, plug._, the headband must be propur!y

c. Personal Prolccth'e Measures for Pc'sonnet _zo_ adjnstcd to insure a snug fit, Xl/]lea eye-
on on J']lech'mi{c Ce**ttlltoll'¢all"oltArrhcork. glasses are tvora with ear lltu.q's it, is

{I) "J'}leso collsisL of wearing ear plugs, ear i:nporla'nt that, the llange of tile lnll_T fits
muffs) oc both. Whichever &.vice will be well arouud the temple of the g)t.-._e_'"•
worn cortsistentJy by the c:;posed indi- boe,ulso even a _r,mll "leak" will oon'o ctc/2."
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.... _,, • :" . A t;ze p_,_.... z,ar n':.o.L In lilititary unit_, th_ du[i,:.,
j>itigs.teiB,Li,work looseas n rusldtof ussoeiRtodwith cor_aDl._i'OSuumhor_ '

talkingand clmwhlg, The;cforcj they involvingeXllO_;ureto high noise]cvcls
.mu_t bere,_eatcdfrom timeto tiIneduring and preu_si_;anleu_eraluadons should

the workday. The bestcar protectoris be undortal;eufor all so desigsatcd.
one that is worlI. Personnel must. bs Audiomctric tests should he made

imprcs.scd whh .tllo importance of car by adcqtmtely trained personnel. (.'%.
protection,because hearhlg danmge be- coui_c of h_structionin audiometric
COlliesM'OI'SO{2veryday 0fexpostli'e, testingisgivenat the Army Audiology

.(4) Listed below are the ear plugs available ant! Speech Center, Waller J._.eed Arr, ly
through medical snpply channels: _'Iedical Center, Washhl_toa, D.C.

(a) Phlg, T.:ar, Noise Protection, (size), 00012). This baseline or reference
2.is. (V-51--R), audlogl'am should be m:,do a_ toast -;0

I, FSN 6515-664~7858 Extra small hours after the last exposure to l*igh
o. FSN 6515-299-8290 SHIM] iutensil.y noise. For the ptu'poses of a
3. FSN 65]5-299-$289 Mcdlum hearing conservation program, only ai_"

._ FSN 6515-299-$28S Large conduction tcstsare rcquircd.. An audio-
5. FSN 6515-6G4-7S59 Extra Largo gram is mac o by prescutmg pure tones of

(b) lrSN 6515-0S2-2675 Plug, Ear, Ncois variable levels of inte:ISlt3 .... *:_ "_"
Protection, Regular, Triple Flange, 2.1s. tone i:_ barely heard. This is t.ho thresh-
(Plastic Stori]izal,la). old for cach. tone. Only one ear is

.(c) FSN 65]5-0S2-2(_76 Phlg, :Ear, Noise tested at a time, ahll0u_h botll ears arc
Protection, Small, Triple FIaaf_o, 2.Is. covnrcd by csrphonss which serve to
('PlasticStcrilizable). reducetim cfi'ectsor'room noise,l:_.ee-

(d) FSN 6515-721-9092 Plug, Ear, Noise olnnlcnclod test fruqucncics are 250 _,
Protection, Cottou, Impregnated, Dis- 500, J000, 2000, 3000, ,100O, C00O, and
posable,100s. , 8000* cyclespersecond, A.u audiogram

(c) FSN 6515-299-$257 Cast, Ear plug, 12s.. may be considered within normal ItaliCs
(Thiscase holdsone pairof any of the iftheruisno hcarhlglossin excessof
above mentioned ear plugs.) 15 db at,any one of the frequeaeics

tested. Atuliograms showing loss in

(5) Listcd below are'the car n_uffsavailable exccssof 15db atan)'one or more oftl_u
through reg_tar stpp y cheanels:. tcsLfresplul;cies, bu_ no groatuc thou '"0

(a) "FSN .12.10-8(i1-3G12 Aural Protector, db, are cuco I ltcrc( f'cq cat y f testing
Sound, IIigh Performance, Noisefoo conditionsare not.proper. 'Chessl'_:_d-

hlnrk Ii, 3[ino Safety Al)pllanccs Co. ings may or may not be signD'ieaut., but
(b) I;'SN .12-10-991-1910 Aural Protector, such audiograms should ho l'epeatrd.

Sound, I-Iigh Performauce, .M25B, Losses iu cxcess of 20 _Ib i:ldic:_tc tl_e

WiIIsoIICo. used fo:"referralto a piD'siciaa:'or

(o) "FSN 4240-22_-5016 Aural Protector, ecological study of the i:ldb:idsnl. A
Sound, ]Iigh Performance, .M1200, suggested format (Hearing' Cons_i'ra-
Axnerican Optical Co. don Data Ca;'d re:' r_cm'di;Jg ' "'

(d) FS._ .12.10-S5{;-0550 Aural Protector of the audiomctHc examination a::d
Sound: High Performance, ._I I9A, David

other pcrtlucnt heariug coaserval.ion
Clark Co. data is available from the Commanding

O_cer, U.S. Army Eaviroumcatal IIy-
d. Medical Control Measures. giene Agcuey, ]_'dgewnocl Arsenal, .'Xid:

(1) Precmploynlea_ or prcas_ignment hearing 210.10.
_aluall_.

(a) Audldgrams should be made a part of the .rc=t_ =__:== t,_,._,=_...... =.to,_t=,,.tr._.mllx ,,';u .o_ t_ ....tlUCted tmlc_ n _;¢;e]_: :eqttiret,*.nt t'_i_t,, Sdditlrt,ta_t!.,. fotv r)_:t$ ate

prop]aeemont physical _xazl_inatioth _tdfi¢i¢*ttly lr*xu,.tcd to conduct valid uttlin thct 250.e_'clo [rcqu_ttc_'.
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be checked at leas( oJlee;, _.'cek, by tesLs M, this tin!.e, the wo_'ker should Im re-
madc on severalyoung personswho have moved from the blgh iatcnsityaoi_a
no history of previous ear di.-caso _r arcs'rosardlc_sof the protet_iveluetls-

heariag loss. Such a I ocedu e totonly urcs which have bccn employed, since
chocks the accuracy of the isstroment, tillsmay mean that'the imlividuaiis
but. also Ills cffecfivoncssof souIld highlysusceptibletoear clamage. H no

isolation irt the test room. 'I'ho average _]g:l_fie:tnt ehaugo ia I carhff; acuity it
threshold for these hldh,iduslsshould noted,snbsoquentaudiograms zhoukiha
be within I0 db of the zero of the hlstrtl- made approxhnateb' every '12 mondls.
mcllt at each test frequency. Failare Personnel exposed to uxeessk'elyhigh

to obhlhl such a rcsult indleatcs either nolse ]e_'cl_ (e,_,, gllll crc'tvt;._tsd Weaoo:ts
incorrect audiometcr calibration or e×- • instructors) should be tested more fro-

ecsslvoroom noise,or both. Itisrecoln- quen'ly, These a _,iog: is Mlould be
mended that the audiometer be made at least ,lO bour_ after tho last

calibrated periodically (at least semi- exposure to hazardous noise. This
lingually) by approl)Viatc mcdlcal equip- time interval will allow for scii correction
meat repairfacilities, of auy temporary hcarh_g threshold

(2) Criteria .for assignntcut to hazardous 71oise shifts.
duly. (b) Ia all eases o; suspected at e cd hearing

(a) haslgmnent to hazardoas r,oisa duty acuity., not loss than three audiogr;uns
• .T , •shall be made only if the ]o_s of hearing should be made t lder s o .at co c, t o{ s

ill :xt least, one ear (the bettor one)-- on different d:_ys, ancl al. tile s:mao time
1. averages ill the speech range (500, 1000, of day, before eo,sideHag the altered

aaad2000 eps),approximately 20 dbs, hearingacuity as vMid.

or less_or (el All personnelshould be encouragcd to
_.is less than 50 dbs at tile 4000 cps fro- rcpo:'t for evaluc.tioa if symptoms of

queney, progrosslve hcarittg lots or. pro,jrcssivo
(b) Even if the better ear is nornlol, assign- tinnitns develop. This Js hnperath'o

meat to _ueh "aoise exposure" dut_ since timely action may prevent a
ahall not be made if the loss of hearing permanent hearlag loss.
in the other car (the p.oorer one)-- (4) Disposition of 7_¢r_oa*lel w_th _lro_/ressD:z

1. dvclmges in the speech range'(500, I000, hearing loss.
2000 eps) 30 or more dbs, or (a) If on any of the followup audiograms, a

_.is G3 dhs or more at, the, 4000 eps free lnotable progrosslon of ho:iring loss is
queney, discovcrcd (15 lit) in any one frequency,

(c)'Pttthologh' of tile inner ear resulting or 10 db ia two or more h'eqtteneies, as
from noise exposure is considered as a .compared with a preplacement audio-
type of acute or ebrorde ear disease and gram or most rece_,t _umu.M aud, i,_t'am).
thus justifies assignment of the H3 pro. tile person t"hould be referred witho,l_.

file, as specified in appendix VIII, A1Z delay to the local ENT flt."ii!t.'," so that
,10-501. an organic eeasoa for the progr_z_io_;,

' (3) Per_odic hearhlg _t.ah_ation. retch as middle ear infection, nan)" be

(a) Routine periodle audiograms made on all ruled out. If there is e_'idcncs that tha :
per'zonnel working in areas having high loss is noise-induced, the person sheuhl
intea_ity noise are necessary to detect be immediately" reli_x'sd of all duties
beginning changes in hoarisg acuity, that may f'cqu[re further exi)t_suro r.o

, b I lll[l _ I1.1 @since the individual n'my be urm'a are o :a,,..,o,._ ao,.,_'" _̂""-t',......... "'_'_ ,,u,,_,,s,.,."'--- "
ally hearing ehaage. The /lest periodic shoukl then be repeated after an addl-
aud_ogram should be maria at tile tlonal 21 hours or more for vnrification,
begins g of t lO t'orkday, app 'el mate y tit(Is allowing a total of at least GOhours •
60 days after the beglaning of thr_ for ro,versal of any short-duration to,m- ;

worker's exposure to high noise levels, porary threshoki shift.

6 "tA¢lO_'ata.,'_
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COL On_ud_o/trnhl _ J+c Jr! _ou_]loHh he illt_!_,3.atc(J with :i. colt_itttllll+.; _+_'(-,_. i +t ¢)_+ C I-!!i ,_o
be l_,i_evcdof his "noi.<ecxpt_sn;'o"duty iob s'tlper',,is_oa.'rh_ SUl_ervisorya11dcot_.;u_ud

for a miaimum of 7 days, aad should b¢_ per.-_olnlel she',lid be fully iudoctria:_.ted ilI the
retested o( thut. thue. If this 7-d._y te:;t generaJ_ aspects of the prevcutive l)ro.zmnl I iutci
reveals heariag still :_.cceptabl,.: for |mz- euargecl ;,,q hap] 'oprmte respousdn/[ ies to _{ssuro

nrdous noise duty ((2) above), tim ms- its success, including disclplin.'try action if required.
sentiu]sof he_tringeonservatiolkshouh|
lie reviewed with the persou, and his 7. The Teslhl_I l_bom. I-Iearing tests sl_ould be
personal protective devices _houhl bt! Ill."..(]f_iU :_-room located in as quiet on environment.
refitted. He may then be returned :n as possible. "J'he room should be readily accessi'_]e
duly. in'eferabl) , away from outside walls, olex'ators,

(e) If the test at, the end of the 7-day period heating and plumbing noises, waiting rooms, and
reveals hearing unacceptable for haz- noisy halh_'ays. ".rhc noise levels whhi a the est" g
_.rdous nolso duty ((_'2)above), the person room should not exceed those stated in the enpesd r:• + •

should be relieved of all duties that may Where enough por:_ons reqt re m ¢ olue no: testing
involve further exposure to injurious to warrant the eXl)enso iavolred, the acquishioa of
noise for a mhfimum of 30 days. If a; a I)rcbtdlt audlonietry booth, or the construction
the etad of ti_is period the hearing has of a special testing r.oom may be.justin, cal.
not improved to acceptable levels, the a. Prcbuilt Andz'omctry Booths. Probui!t' audio-
persoll shoald be pornlal'_cuL]y removed n_otric testblg |.teethe usuo]iy are more s.-.tis/aetorv
from ally duty exposing his cars to and may he less cxpensive than either specially
injurious noise levels. If this 30-day eoustrueted rooms' or sound-treated .rooms. The
tcst reveals hearing acceptable for haz- following standard audlometric tcsthlg booth is
nrdous noise duty, _. review of the _.vailable through medical supply cla ,c _ a'_N
essentials of hearing conservation shouhl 6515-065-9600 Booth, Audiometrlc examhmtlon,
be made with the person, and his per- Lefs-haod or Right-hand door, Prefabricated.
sonal protective devices should be re- b. Spoe_al ]_ooms.
fitted. He may the ; he rett rnec io duty. (1) Such rooms should me:mute n_ least S x S

5. Diagnosis. Hearing loss eauscd by nolse is feet. in plan altd have settle |t'leal_s of

dimeult to differentiate from Ihat, rcsuIthL'z from "¢enLilatioa that does not reduce the e,'_i-
elcncy of the sound isolation. This _s a

such other factors as syst.emie disease, toxlcit.y from
hffectioa, effect of drugs, and prcsbycusis. All diilleult problemand the followlog methods

of ventilation are sugges ell 1o_,..- velocity
reasonable methods of differential diagnosis sttould " baliled ah' duets, fans operated by- door
be used before establishing the diagnosis of hearing switches, or air-couditint'.ing unhs whh
loss caused 'r,y noise. "1'his includes a careful in- properly beetled ducts. If tim v_adl:_.tlug
vestigation of the worker's history with special equ_pmenl ]'slses the sound _vel above
reference to any previous hearing tests, a general acceptable limits, it should be turoed off
physical examiuatlon, accurate pure tone bone and ducing healing tests. The "',",,p,tll+_II.=+ Of

_ir conduction audiometric tests, and complete neoustleal " " 'Ill0 gai't luterlero Wl h z,'_es0;;l:d-

_peeeh. a:_.d diseHmhmti61t tests: Trah_et! personuel absorbing characteristic._ of the raatorlal
under the supervlnioa of a physician or a qualified and is therefore not 'coo a aeaued.

audiologist, may measure hearing. The ph.vsieian, (2) ".t'he b_st. results in sound tre:'du:ent ,:.f
however, is responsible lot dctemfialng and tlic tcsdng room arc obtained through zinc
evaluating the degree of hearh|g loss. services of an acoustical engineer, if

G. Irenlth Edt oA o , Sal)OrV|mon, a id .1_tse|pIme. these services are not. available, the folLow-
This is one of the most important features of a htg practical methods of smmd "._ "_"
healing conservation program, esp0eially when are suggested: after a quiet room has been
•reliance is to be placed on th0 use of personal pro- selceted, false walls mui eeil|ng of plaster-
tccth'c devices. Pers0miel so exposed should be board, or similar material, shotdd 'be
taught the n_.tura of the hazard from nuiso_ how to erected u'ithia this space. The inside

"1'AGO 7;]lO*A



be not less tb:m G x 5 :,i_ m p_aa. positive clo_h_i_ . .,_q_. _• '.,c ;.

(3) _,Vhoz_ the room-\vlthhl-_-room t_:chniquo eon_:,ia_',l'h|dow_, _:c:;_ _hould bs blo:_k_ _..
"- J.s_.oh.l._e. Reque:_t l'o:' ._pe_:ial c.._-eanno_ bu employed, the ineldo w_lis and S. SI ee_,.[ _ .o;......

ceilings of the selected room should be. sistsnee ia eonductiag aoise survays or est 3;'.:i:_::,;
tre.atod wi_.h u standard sound-abso:'bh|g hearing eonservatioa programs shollld bb subafit:ed
material, and a soft floor surfsce installed, to The Surgeon General, AT'£N: ._IEDI"S-]_C,,
The door frames should be fitted with r_ Department of z.he:_.rr,ay_ Washingtba, D,C. "05_.5.
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APPENDIX

SUGGESTED ALLOV,rABLE BACKGROUND NORSE LEVELS FO_
IIEARING CONSERVATION AUDIO:dETi?.Y ROOMS

The American Standards Assooiatloncriter]afor "Background Noisa in Audiometer Rooms" arc as
follows:

Table I1

' IAud[om©lx;e t¢_t/requ¢:_e¥ repro} 125 2"_0 r'500 I 1000 1.%00 _000 3900 _Cx_

Detavehands............... 75 I_0 _O0 600 1200 2400 2400 .l$0C
{cps)......_.................."................150 300 000 1200 °400 4_.03 4_00 _....

_,_aximun_acceptable level, each octavo baird, in 40 40 40 40 42 47 ._2 i C"_
decibels(dbs)(C_cMe,rc0.0002dyne/era2). l

By Order of the Secretary of the Army:

F.m OT.IC
General, Un£ted _tatc,_ Army,

Official: Older oj S:uff.

.O_rGeneral, _ nitcd Slale_ Army,
2 _'c Adjutant ffeneral.

D-;stributian:
TO be distributedin accordancewith DA Form 12-34 requirementsforTB MED Scrles.

• !



AIR FORCE
NOISE PHOGRAMS INFOHMATION

The Air Force noise programs can be separated into
three areas for specific consideration. These are: (i) the
Conservation of Hearing Program; (R) research programs into
the effects of noise, its characteristics and reduction; and
(3) the development and acquisition of sound suppressors for
ground runup of Jet aircraft engines. Information in the
format of the request follows for these three program areas.

Section 1

(Conservation of Hearing)

1. Organizational

a. Department of the Air Force

b. Authority

The Department of the Air Force does not, in general,
carry out its programs in consonance with statutory authority,
but rather by prescribing regulations. Section 8012, Title i0,
U.S. Code, authorizes the Secretary of the Air Force to conduct
all affairs of the Department of the Air Force "necessary or
appropriate for the training, operations, administration,
logistical support and maintenance, welfare, preparedness, and
effectiveness of the Air Force, including research and develop-
ment; and such other activities as may be prescribed by the
President or the Secretary of Defense as authorized by law" and
"to prescribe regulations to carry out his functions, powers,
and duties under this title."

: Thusj through Department of Air Force publications,
::i Executive Orders, and implementation of D0D issuances, Air

Force programs concerning activities relating to noise effects,
abatement and control, are established.

R. Functional (Conservation of Hearing)

a. The overall program objective is to assure no
impairment of performance, health, or safety among aerospace
ground and flight crew:s, resulting from acoustical stresses
and to provide adequate communications capability, despite



acoustical and other environmental conditions peculiar to
the missions.

b. Conservation of Hearing

(I) Desorlption. The implementing Air Force Regula-
tion (AFR 160-3, Hazardous Noise Exposure) aoslgns responsibility
for the program and prow[des guidance for carrying it out,
including specific noise exposure lJmits_ special hearing
tests for nolse-exposed persons] a declsion-management pro-
cedure based on these tests, to include criteria for final

dlsposltJon of persons that develop adverse responses to
their noise exposures.

(2) Objective. To control the ill effects of noise
that can lessen hearing sensitivity and cause other effects
harmful to health_ efficiency, and well being.

(a) This program, which is designed to detect
early hearing loss, is effective.

(b) Because of the Conservation of Hearing
Program, personnel with hearing loss are detected early and
either removed from noise exposure or protected prior to the
occurrence of significant hearing loss. Evaluation of the
efficiency of the program is accomplished by comparison with
statistical data of' other Federal agencies and by comparison
of the number of persons removed from duty, involving noise
exposure, with the total number of persons in the Air Force
program. Comparison with Veterans Administration data reveals

that of the total number of personnel receiving compensation
for hearing loss, the Air Force comprises the smallest group.
For the year for which the latest comparable }_W figures are
available, in the 30 to 40-year group, noise-exposed USAF
personnel had less noise-induced hearing loss than did a
comparable non-occupationally noise-exposed population. Within
the USAF, approximately 12,000 audiograms are accomplished each
month, with some 150 military .and/or civilian personnel being
removed from noise exposure for administrative or medical

disposition. The cost to the USAF of replacing a trained Jet
engine mechanic with 6 years experience is approximately
$48,000. If, through the Conservation_of ]{earlng__Program, an
incipient loss can he detected, the loss of a valuable
employee, as well as significant money, can be averted. It
is to this basic end that the program is directed.
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c, Procedures

(I) Evaluation of the environment to determine if
excessive sound pressure levels ar'e present is considered to
be one of the first steps in the control process for noise
pollution. Wii;hout proper engineez'ing evaluation of the
source, appropriate control methods cannot be devised. Mon-
itoring of the hearlng acuity of Air Force personnel
potentially exposed to hazardous noise of'ten reveals an
unexpected or previously undetected source of excessive noise.
Such a disclosure obviously results in control procedures
being instituted. The administrative and technician time to
perform monitoring audiometry is therefore considered as being
indirectly re].ated to the control of noise. Air Force Bin-
environmental Engineers, Preventive Medicine Technicians, and
the USAF Env]ronmenta]. Health Laboratories are involved in the
evaluation of noise sources.

Research needs are many; however, a few of the
salient proposed projects are as follows:

(a) Evaluate the use of A weighted sound levels
as an indicator of biomedical significance of noise sources
unique to the Air Force.

(b) Determine the correlation of auditory loss
patterns with various types of acoustical insults. The iden-
tification and definition of patterns of hearing loss, as they
relate to acoustic insults, with the intent of predicting
characteristics of hearing loss from knowledge of the noise
source or vice versa, will result from this study.

(c) Study of high frequency auditory acuity in
personnel with mild noise-induced hearing loss. This program
is designed to improve the s8atus of differential diagnosis
used to identify and substantiate sensory-neural hearing
impairment that results from noise and to investigate the

:,: feasibility of initiating high frequency audiometry for
screening individuals who are entering career fields involving
exposure to hazardous noise.

':{ (2) In addition be the actions, described elsewhere
in this report, which are designed to control the noise at the

_!i source, the Air Force controls noise by reducing the level at
, the ear canal. Protective devices (ear plugs, muffs, helmets)
,,_ are issued to personnel routinely exposed to noise.

'J
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(3) Noise is classified as an environmental pollutant
by AFR 161-22, "Environmental Pollution Control." Standards
and criteria are the responsibility of the USAF Surgeon
General, who also interfaces with other standards-setting
Federal and State agencies. In this regard, the responsibility
for interfacing with other agencies rests with the Surgeon
General.

(4) In-house capability is extensive. Primary manage-
ment of the Conservation of Hearing Program rests with the
Surgeon General and his national consultants. The USAF school
of Aerospace Medicine conducts training and provides technical
consultation, as well as being respooslble for maintaining the
Hearing Conservation Data Repository. All Bioenvironmental
Engineers and Preventive Medicine Technicians receive formal
training in noise-measuring equipment, theory of sound, and
conduct and management of the hearing conservation program.
The USAF Environmental Health Labora_ries (Kelly and
McClellan AFBs) and the USAFE Environmental Health Laboratory
in Europe maintain specialized noise-measurlng, recording and
calibration equipment for use Zn particularly difficult problem
areas. Some of the specialized equipment used in this program
includes graphic level recorders, reciprocity calibrators,
real time analyzers, sonagraphs, and anechoic and reverberation
chambers.

(5) Basic guidance to the working level is being
completely revised to include new standards which will not
only reflect the latest scientific thinking in regard to
industrial type noise, but will also promulgate standards for
infra- and ultrasonics. Improved patient disposition guidance
and reporting forms will be used.

d. The function and consultation responsibilities of the
Hearing Conservation Data Repository will be expanded. The
objective of this new and improved effort is to promote a more
efficient hearing conservation program in the USAF and thus
reduce losses of valuable, trained, and experienced personnel.

3. Fiscal

a. Current Program

(1) Facilities do not exist exclusively for conduct of
the Conservation of Hearing Program. The total number of
individual pieces of equipment used to monitor the environment



and conduct audiometry and the total investment in hearing
protective devices canuot be determined with any degree of
accuracy. Cost for various new pieces of equipment and
devices has been determined to be for I_/ 72--$987,500.

(2) Current Operating Budget (FY 72)

(a) In addition to the cost of the items iden-
tified as equipment, direct operating costs are $509,300.

(b) Overhead, estimated at 50% of the operating
budget,is $254,650.

(3 ) Personnel

(a) There are 191 Bioenvironmental Engineers;
664 Preventive Medicine Technicians; and 1 Audiologist.

(b) Salary total, of $972,339 is based on the
percent of time each specialty actually performs in the
Conservation of Hearing Program.

(4) Contracts

No contracts are in force specifically for the
Conservation of Hearing Program.

b. Past and Future Programs

(1) Past Programs

(a) Equipment Operation

68 959,687 533,777
69 1,653,422 550,023

_Y 70 1,201,359 575,300
_ 71 1,032,000 455,700
_Y 72 987,500 509,300

(b) No facilities have been acquired for opera-
tion of the Conservation of Hearing'Program in the past 3 to
5 years.

(2) Future Program Plans

(a) No facilities are programmed.

5



(b). Personnel levels are expected to remain
relatively constant.

4. Regulation and certification of noise sources and control
devices are not a function of this program.

Section 9

(Research Programs)

I. Organizational (see Section I)

2. Functional (Research Programs)

a. Air Force noise research programs are conducted at the
Air Force Aero-Propulslon Laboratory (AFAPL), the 65TOth Aero-
space Medical Research Laboratory (AMRL), and the Air Force
Flight Dynamics Laboratory (AFFDL). The Air Force Office of
Scientific Research also maintains programs of contracted
research.

Air Force Office of Scientific Research: Strategic
bombardment, tactical operations, and logistic support are Air
Force functions which require the use of high performance
flight vehicles. The operation of such vehicles produces
intense noise from sources associated with propulsion systems
and from noise and pseudonoise sources associated with flight
through the atmosphere. This noise causes degradation in
human performance, reduced reliability of structural and equip-
ment subsystems, and increased maintenance. Because of a lack

of a basic understanding of the physical behavior of high
intensity sound, rational noise control and avoidance is
difficult. The Air Force Office of Scientific Research

maintains basic research programs aimed at achieving a better
understanding of aircraft noise generation Drocesses.

Air Force _light Dynamics Laboratory: The Air Force
Flight Dynamics Laboratory is conducting exploratory and
advanced development work in aircraft acoustics, including
noise control w_thin vehicle interiors and sonic fatigue.
The Laboratory has'an extensive capability in theoretical
acoustics, data management and analysis techniques, and
experimental methods. Aircraft acoustics efforts include
evaluation and prediction of sound field characteristics

encountered by flight vehicles] design, development, operation,
calibration, and maintenance of acoustic instrumentation and

6



data analysis systems; and aural detectability studies related
to quiet reconniissance/surveillance aircraft. The Laboratory
also maintains a number of in-house facilities for acoustic
research.

Air Force 6570th Aerospace Medical Research Laboratory:
The Aerospace Medical Research Laboratory conducts consider-
able research into all aspects of human response to noise with
particular emphasis being placed on the study of Air Force
generated noise and its effects on Air Force personnel.

Air Force Aero-Propulsion Laboratory: With the advent
of larger and more powerful military aircraft propulsion
systems, it becomes increasingly apparent that appropriate
steps must be taken to alleviate the noise problem. Engine
noise levels must be reduced in order to provide a safe working
environment for ground and flight crews, to alleviate the
problem of acoustically induced structural fatigue, to reduce
the possibility of aural detection during combat operations,
and to improve the general community environment around
military air bases. In order to achieve the apparently
diverging goals of low noise and high performance, continuing
research efforts to develop a better understanding of the
basic mechanisms of noise generation are required. The Aero-
Propulsion Laboratory maintains a comprehensive propulsion
acoustics research and development program consisting of
contracted and in-house efforts. The overall objective is to
develop the technology base necessary to significantly reduce
aircraft propulsion system noise with minim_n associated
performance and weight penalties.

b. Specific Programs and Research

(1) Description. (See Appendix A)

(2) Objective. (See Appendix A)

c. Procedures

(1) Noise research needs and problem areas are
identified through system development and operation and are
handled within the existing organizational structure,
namely, the Air Force Systems Command and its associated
laboratories.

7



(2) Specific actions to abate and control noise can
be determined from the required research, and in turn, may be
the foundation for a specific regulation. A good example of
this is Air Force Regulation 55-34, "Reducing Flight
Disturbances that Cause Adverse Public Reactions," v;hich

regulates Air Force supersonic flight activities to reduce
the effects of sonic booms.

(3) The research and development described above is
coordinated with the programs of other government agencies
through the National Academy of Sciences, the Federal Aircraft
Noise Abatement Program, and the Environmental Protection
Agency.

(4) The In-house capability for noise research is
extensive and therefore no important problems, likely to
arise_ relating to Air Force operations and concern are
outside the capabilities of the existing Air Force research
structure.

d. Future Program Proposals and Objectives

There are no future program proposals other than the
continuation of present programs; the objectives remain
essentially the same.

3. Fiscal (Research Programs)

a. Current Program

(1) There are no major Air Force laboratories devoting
their full resources to noise research. Noise research

programs utilize something less than 3% of the resources of
the laboratories having noise research programs. The real
property values of these laboratories and equipment are:

AFFDL AMRL AFAPL

Real Prop (Million $) 22.900 Ii.38? 13.091
Equip (Million $) 18.427 21.806 13.612

(2) Current Operating Budget (FY Z2)

(a) Direct operating costs (see Appendix A_
page 24).

8



(b) Overhead is estimated at 50% of the operating
budget.

(3) Personnel

(a) Current authorization

AFFDL AMRL AFAPL

MilitaryPh.D. iO 27 3
CivilianPh.D. 2 26 5

MilitaryProf. 82 80 52
Civilian Prof. 338 96 170

MilitaryNon-Prof. 6 46 6
Civilian Non-Prof. 288 70 161

Total 71h 292 389

(b) Since it is nearly impossible to estimate
the number of man hours spent on noise research alone_ a
salary total of between $300,000 and $400,000 is given.

(4) Contracts

(a) About 40% of all noise research is performed
by firms and institutions on contract to the Air Force.

(b) Funding by proJeet is itemized in Appendix A.

(e) The total for the projects itemized in the
appendix is $1,255,000 (BY 72).

b. Past and Future Programs (Research Programs)

(1) Past Programs

(a) Fundln_

FY 68 8oo,ooo
FY 69 90_,000
FY 70 992_000
_Y 71 1,337,O00
FY72 1,255,000
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(b) Facilities Acquisition

Dynamic Pressure Chamber (AMRL) $439,168

(2) Future Program Plans

(a) No facilities are programmed.

(b) Personnel levels are expected to remain
relatively constant.

4. Regulation and certification of noise sources and control
devices are not a function of this program.

Section 3
(Sound Suppressors)

i. Organizational (see Section i)

2. Functional (Sound Suppressors)

a. The Air Force program for the development and
acquisition of sound suppressors has the following objectives:

(I) Protect maintenance personnel performing test and
trim operations from sound intensities of over 135 decibels.

(2) Eliminate the hearing damage risk for personnel
without ear protection working up to eight hours a day at 250
feet or more from the power check pad or Jet engine test stand.

(3) Provide a communication environment inside a
frame building, with windows and doors partly open, equivalent !
to that normally experienced in shop areas with moderately
noisy machinery or in hangars used for routine aircraft mainte- i
nance when operated at 500 feet from such a building, i

(4) Provide sufficient suppression so that essentially i
no complalnts would be expected from a residential community i
2500 feet from the power check pad or Jet engine test stand !
while making up to five single engine runs per day of more than
five minutes duration between the hours of OZO0 and 2200.

(5) Allow continuous around the clock operations one
mile from a residential community.
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b. _]e following programs have been initiated to provide
demountable and portable noise suppression equipment for use
during ground maintenance runup operations of turblne-powered
aircraft and engines on test stands.

(1) Thirteen demountable AI,_32A-13 noise suppressor
systems for use with P-ill aircraft are being procured from
Industrial Acoustics Company, Ine._ under Contract No. F33657-
69-C-1309. The total amount of this contract, which was
awarded in June 1969, Is $2,630,21_II. The first article instal-
latlon at McClellan A/_B, Callfornla, was tested with 9-111A
and FB-III aircraft in July-August 1970, and the contractor is
proceeding with the fabrleat_on and delivery of the remaining
production units.

(2) _oppers Company is proceeding with the manufacture
of twenty-two demountable A_3_A-I4 noise suppressor systems
for use with V-Z_ aircraft. These units are being procured under

Contract No. F3365T-69-C-II95 which was a_[arded in June 1969
at a pr_ee of $3,121,166. The first article installation was
successfully tested at MacDlll AFB_ Florldaj i_ August ]9ZO.

(3) Contract No. P33657-70-C-I154 was awarded to
Koppers Company in June 1970 for the delivery of two AF32T-2
and ten AF32T-3 demountable engine test stand noise suppressor
systems at a price of $2,137,470. The T-2 system is for
operation with TF30, TFtl, Jib, J57_ and J79 engines, and the
smaller T-3 system is for operation with only J57 and J79
engines.

(4) A sole-source contract for $87,395, was awarded
fieKoppers Company in September 19ZO to satisfy an urgent
requirement for a demountable AF32A-19 noise suppressor

• system for use with A-Z aircraft. An IFB has gone out to
four firms, having acceptable technical proposals, for the
procurement of eleven additional A-19 systems.

! (5) Technical proposals have been evaluated and the
IFB is about to be released to two firms for the procurement
of fifteen demountab!e AF32A-18 noise suppressor systems for
use with T-38 aircraft.

[

!

(6) A Request for Technical Proposals was sent out to
_ industry in September 19TO for the procurement of demountable
[_ noise suppression equipment to be used at Air National Guard
_[ bases. These include three AF32A-16 noise suppressor systems

.i

i

!



for use with F-100 aircraf_ and J57 engines on a portable test
stand and four AF32A-15 noise suppressor systems for use with
F-10I aircraft and JSZ engines on a portable test stand.

('[) Acceptance testing of the demountable AF32A-IZ
noise suppressor system installed at McGulre AFB, New Jersey,

took place in March 19Zl. This system _as manufactured byIndustrial Acoustic_ Company under Contract No. F33657-69-C-
0890 and is designed for operation wit]] F-105 aircraft and
J75 engines on a portable test stand.

(8) Final testing of the portable A/M32A-ZZ exhaust
muffler and A/M32A-80 intake muffler with a C-141 aircraft is
scheduled for McGuire AFB in April 1971, and final testing of
the portable A/M32A-78 exhaust muffler and A-80 intake
muffler with a C-135B aircraft is scheduled for Tinker AFB
in May 1971. These prototype R&D units were designed and
manufactured by Industrial Acoustics Company under Contract
No. F33657-68-C-0047.

(9) Future efforts during the coming fiscal year
include the provision of additional demountable noise suppres-
sion equipment for use with the F-lOS aircraft and new
demountable equipment for use with the F-15 aircraft.

c. Procedures (This question is addressed in the
previous sections.)

d. This continuing program evaluates new methods for
sound suppresslon'leadlng to further development and ultimately
to the acquisition of new sound suppressors.

3. Fiscal

a. CUrrent Program

(i) Real property value of sound suppressors and site
preparation listed by fiscal year since 1967.

l_f 67 167,ooo
FY 68 630,OO0
FY 69 3,026_500
3"/70 6,295,000
PY71 9_924,000

BY 72 7_060,000

Total $27,3.02,500
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(2) Current Operating Budget (FY 72)

la) Direct operating cost (see funding by
project).

(b) Overhead and maintenance funding is $67j138.

(3) Personnel

Salary total for the sound suppressor program is
$135,_9e.

(4) Contracts

(a) Acquisition of sound suppressors is entirely
by contract.

(b) Funding by project. Sound suppressor
acquisition by contract (FY 72), $4j810,000.

b. PastandFuturePrograms

(I) Past Programs - (FY 67-72) $27,102,500.

(2) Fut_'e Program Plans

(a) Projected facilities costs

FY 73 $6,290,000

(b) Personnel levels are expected to remain
relatively constant.

_. Regulation and certification of noise sources and control
devices are not a function of this program.

I Attachment

Appendix A

l_,
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SUII#IARY

I. Air Force Office of Scientific Research

Program Element: 61102F

Project/Task/Neff:Unit Description

9781/02 Dynamicsof Flow Fields
9781/02/0DI AerodynamicallyGeneratedSound
9781/02/002 High IntensitySound
97BI/02/003 Noise Generationby a TransonicCompressorRow

2. Air Force Fliqht D_,namics Laboratory.

Program Element: 62201F

project/Task/l.lorl:Unit Description

1471/02 Predictionand Controlof Aircraft Noise
1471/02/003 HelicopterAcoustic and VibrationSurveys
1471/02/00g Noise from DeFlectedJet VTOL Aircraft
1471/02/010 Noise Predictionfrom VTOL Aircraft
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I. Air Force Office of Scientific Research

Program Element: 61102F

Project: 9781
Task: 02
Title: Dv.namicsof Flow Fields

Strategic bombardment, tactical operations, and logistic
support are AF functions which require the use of high performance flight
vehicles. The operation of such vehicles produces intense noise from
sources associated with propulsion systems and from noise and pseudonoise
sources associated with flight through tile atmosphere. This noise causes
degradation in human performance, reduced reliability of structural and
equipment subsystems, and increased maintenance. Because of a lack of a
basic understanding of the physical behavior of high intensity sound,
rational noise control and avoidance is difficult. The Air Force Office of
Scientific Research maintains basic research programs aimed at achieving a
better understanding of aircraft noise generation processes.

Project: 9781
Task: 02
Work Unit: 001
Organization Performing R&D: University of Toronto, Toronto, Canada
Title: .Aerodvnamical]_v Generated Sound

This research is directed toward developing a comprehensive
physical model of jet noise which covers generation, convection, refraction,
and spectrum properties. Research is being conducted in the areas of
aerodynamically generated sound and subsonic aerodynamics. In the area
of sound the following projects are being conducted:

a. correlation of sound with hot wire measurements in
a jet. A direct correlationbetween the turbulence(the cause) and the sound
(the effect) is being attempted.

b. shieldingflap schemeof jet noisesuppression. The
effectiveness of a wing as a shield for jet noise is being examined experi-
mentally.

c. windnoisein vehicles.An experimentis being

conducted to determinethe relationbetween the jet flow over a cavity
and the noise generated by the flow,

d. model of Mach wave noise emanating from the lip of a
supersonic jet. A mathematical analysis is being made to delineate the
mechanisms of noise generationof a rocket nozzle, and
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e. extended near-field concept for sonic boom alleviation.
The possibility of delaying tile transition of the near field signature to the
far field pressure signature is being examined. In the area of subsonic
aerodynamics the lift distribution and moli_ent of a wing cutting obliquely
through a simulated trailing-vertex of another airplane is being determined.

Project: 9781
Task: 02
IVerk Unit: 002
Organization Performing R&D: University of Texas, Austin, Texas
Title: High Intensity Sound

This research is concerned with investigating tlle behavior of
high-intensity sound and applying the understanding gained to problems of
interest to technology such as sonic boom, propagation of intense noise
from jet engine compressors, underwater propagation, etc. This is a
theoretical and experimental effortonhigh-intensity sound and its interaction

with a real media. Tile purpose of the work is to study the phenel1_ena that
distinguish nonlinear acoustics from linear acoustics and to apply the
knowledge gained to physical probleals. Specific topics being studied are:

a. stability of the acoustic boundary layer. The object
is to predict the threshold at which a transition from laminar to turbulent
flow takes place. The frequency dependence of this tilreshold is of
particular interest.

b. standing waves of finite amplitude. Chester's theoretical
predictions are being checked by experiments.

e, quasi-plane-wave mode for finite-amplitude waves in a
tube. Experimental tests are being conducted to check past theoreticalr

J solutions.

i d. finite-amplitudewaves in relaxingmedia,

e. electrical transmission-line analogs of acoustical
propagationproblems,such as progressivewaves in relaxingmedia, randomly
in homogeneous,turbulentmedia, or nonlinearmedia.

Project: 9781
Task: 02
Work Unit: 003
Organization Performing R&D: Cornell Aeronuatical Laboratory Inc.

Buffalo, New YorR

Title: .NoiseGenerationb_,a__TransonicCompressorRow

The Air'Force is presently and will continue to be in the
foreseeable future a large user of high suI_sonicjet aircraft. The principal



means of propulsion of such aircraft 'is the high bypass-ratio turbofan
engine. An undesirable byproduct of these engines is tile generation of
noise which causes such _clverse effects as degradation in human performance,
reduced reliability of structural and ecluipment subsystems, and increased
maintenance cost. Tile design of vehicle parts and soundpl'oofing which
alleviate these effects requires accurate definition of the intensity and
occurrence of the noise. In order to partially fulfill this requirement a
theoretical study of the problem o_ fan-noise generation in a high bypass-
ratio turbofan engine is being made. The main emphasis in this study is
the noise aspects of the three-dimensiollal, transonic flew through a single
blade rm._. A linear acoustic theory for the case of non-lifting blades is
being applied to the problem of noise generation. .An effort is being made to
extend the theory to lifting blades and to examine the effect of more realistic
duct geometries.

2. Air Force Fli._ht Dy_njlmicsLaboratory

Program Element: 62201F

Project: 1471
Task: 02
Title: Prediction and Control of Aircraft Noise

The Air Force Flight Dynamics Laboratory is conducting exploratory
and advanced develol)ment _.'ork in aircraft acoustics, including noise control
within vehicle interiors and sonic fatigue, l'he Laboratory has an exLensive
capability in theoretical acoustics, data management and analysis techniques,
and experimental methods. Aircraft acoustics efforts include evaluation and
prediction of sound field characteristics encountered by flight vehicles;
design, development, operation, calibration, and maintenance of acoustic instru-
mentation and data analysis systems; and aural detectability studies related
tO quiet reconnaissance/surveillance aircraft. The Laboratory also maintains
a number of in-house facilities for acoustic research.

Lar.qe Sonic Fatique Facility

The test chamber of this facility has average physical dimensions
of 42 x 56 x 70 feet and canbe operated in either reverberant mode or
progressive wave mode. Full scale specimens can be tested in sound fields
up to 162 decibels (I'e..0002 dynes/cm2). Smaller specimens or reduced
surface areas can be exposed to sound pressure levels up to 174 decibels.
The facility includes a complete data acquisition and analysis capability.

Wide Band Noise Facility/

_i This facility is powered by'a 12 kilowatt wide band siren,
capable of producing a continuous spectrum over a frequency range of 50 llz to
12,000 Hz, approximating the noise field of a jet or rocket engine. A
maximum overall sound pressure level of 160 decibels can be attained at the
siren horn mouth.
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Mobile Dynamics Data Acquisition and Analysis Facility

This mobile facility permits accurate and detailed nleasurements
of complex environmental noise fields. The facility is particularly useful
for field data acquisition on flight lines, test stands, and in remote areas
such as rocket motor test sites. The mobile facility can simultaneously
acquire five continuous channels of FI.i-FN telet,Tetry data and thirty-nine
continuous channels of wide band FI.I data via landlines. Thirty-six 1500
feet long landlines are contained on power-driven cable reels.

Project: 1471
Task: 02
Work Unit: 003
Organization Performing R&D: AFFDL/Army
Title: Helicopter Acoustic and Vibration Surveys

The objective of this effort is to determine flight and gunfire
induced environments of helicopters for (a) developing and verifying vibration
and acoustic prediction r_ethods applicable to rotor powered aircraft, (b)
establishing realistic test methodologies for avionics and electronic equiplnent
for VTOL aircraft, (c) developing methods of structural vibration damping, and
(d) obtaining hunlan environn_ental data. l.leasurements have been taken with
microphones installed on top of the fuselage te measure the downwash acoustic
environment directly under the rotor, on the pilot's and co-pilot's helmets,
and in passenger and equipment compartments. Data were obtained on sound
pressure levels and frequency spectra at these microphone locations during
various flight conditions, gunfire, rocket and grenade launch. Analog data
were recorded on tape to permit acoustic and vibration transmission and
correlation studies.

Project: 1471
Task: 02
Work Unit: 009
Organization Performing R&D: AFFDL (In-house)
Title: Noise from Deflected Jet VTOLAircraft

The noise environment in the field on a P-I127 aircraft has been
measured with the aircraft fixed on a vertical thrust stand. The data have
been analyzed and used to develop a method to predict the acoustic environment
as a function of engine parameters. These results are being prepared for
publication.

Project: 1471
Task: 02
Work Unit: 010
Organization Performing R&D: Wyle Laboratories, El Segundo, California
Title: Noise Prediction from VTOL Aircraft

The objective of this effort is to develop methods to predict
the near-field net"so environment associated with VTOL aircraft. The

6



contractor has developed a method of predicting _ne near-field noise of
propellers. A preliminary analysis of undeflecred jets has been com!]leted.
The analysis correlates normalized near-field octave band levels in terms
of a Strouhal frequency with a normalized distance parameter based on jet
diameter and axial posiLion relative to the length of the potential core.
Future emphasis will be placed on near-field prediction methods for rotors,
fans and compressors. The effects of solid boundaries will be accounted for
in the prediction methods.

Project: 1471
Task: 02
Work Unit: 011
Organization Performing R&D: AFFDL (In-house)
Title: Noise from Linear Array of Lar._eTur__ bejet Eng_ines

The purpose of this program is to determine the interaction
effects of multiple turbojet exhaust noise sources in determining the near-field
acoustic environment. Data were obtained in the form of sound pressure levels
and frequency spectra at various microphone locations. Analog data were
recorded on tape for later analysis.

Project: 1471
Task: 02
Work Unit: 012
Organization Performing R&D: Bolt, Beranek, and NewmanInc., Cambridge,

l,lassachusetts
Title: ,Aircraft Design for Minimum Noise

The objective of this effort is to conduct a comprehensive in-
vestigation of aircraft and propulsion design relative to minimum noise
generation and to establish the methodology and design information required
to design an aircraft from the standpoint of minimum aural detection.

Project: 1471
Task; 02
Work Unit: 013
OrganizationPerformingR&D: AFFDL (In-house)
Title: Radiated Noise from Sailplanes

The objective of this effort is to identify the noise associated
with a powerless aircraft and to relate this noise to area and velocity
parameters of the aircraft. The flyby noise from three sailplanes,
Schweizer 2-32, Schweizer 2-33, and Libelle, has been recorded on tape and
one-third octave and overall bandwidth analyses obtained. The noise levels
from each of the sailplanes follows a sixth power of the velocity and appear
to be directly proportional to the turbulent area on the wing. A test
report has been prepared which presents the results obtained to date.
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ProjecL: I,i71
Tasl': 02
Work Unit: 014
Organization Performing R&D: University of Tennessee Space Institute

J Tullahoma, Tennessee
Title: I._o:_! Speed Aerodynmllic Noise Generation

Tile objective of the ef'forL is to conduct an investigation of tile
noise associated with flight and to determine methods of suppressing the noise
radiated from these sources. Presently available analytical expressions
describing the noise produced by the aircraft in flight will be evaluated,
Modes of quiet flight found in nature will be studied and tlleir Inechanisms
analyzed. Those techniques _Hlich al)pear most premising _iilI be further
investigated by suitable experimental means from the results of the above
studies. Reco1_mlencledtechniques will be developed for application to the
design of aircraft from the viewpoint of aural detection.

Project: 1471
Task: 02
Work Unit: 015
Organization Performing R&D: Bolt, Beranek, and liewman Inc.

Cambridge, I1a-_sachusetts
Title: Aural Detectability of Light Reconnaissance A/C

The objective of this effort is to develop aural detection
criteria for evaluating the detectability of light reconnaissance/surveillance
type aircraft. Factors affecting the aural detection of light aircraft will
be defined and series of psycboacoustic experiments on the detectability
of synthesized aircraft noise siilnatures in tile presence of various bacl.ground
noise environments will be conducted and from the results of these experiments
aural detection criteria will be developed. These criteria will then be
applied to recorded data from light aircraft fly-over in a second series of
psychoacoustic experiments and will confirm or suggest refinements to tile
aural detection criteria.

Project: 1471
Task: 02
Work Unit: 019
Organization Performing R&D: Aeronca Inc., Middleto,,,n, Ohio
Title: Acoustic Tests of Noise Su)pression Panels

This effort was initiated to compare the acoustic performance of
various b_'azed broadband resonators and thereby provide design guidelines
for full-scale engine hardware. The resonators are to be used as absorptive
linings in engine ducts to attenuate tile fan and compressor noise. The
acoustic performance, noise reduction and insertion loss, were measured in a
duct facility for frequencies from 500 to about 8000 llz and for SPL's up to
160 dB. The broadband resonators consisted, of honeycomb panels fabricated
from various combinations of core height, cell size, arid facing material.
The facing material consisted of perforated sheet and fiber metal construction.
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3. Air Force 6570[:11Aeros]nace t.1_dical Research Laboratol_

Program Element: 62202F

Project: 7231
Task: 03
Title: Effects of Operational Noise on Air Force Personnel

Noises experienced by Air Force personnel are the most severe
in existence,creatingpotentialproblems for hearing, voice communication,
performanceand otherbody functionsv;hichthreatenmission accomplishment.
Noises from sources such as large rocl'etboosters,aircraftengines and
ground supl)ortequipmentcontinueto increasein number and intensity. The
primary objectiveis to controlacoustic exposuresof Air Force personneland
neighbors within safe and acceptable limits through research directed to
definitionof hazardousnoise, determinationof effects on body functionand
on performance,establishprincil)lesand devices to counteractadverse effects
and specify exposure limits illthe form of tolerance criteria to control
overexposure. Major emphasis is on in-house research with minimal supplemental
efforts by contract. Coordinationoccurs with the Arm-,,Navy, NASA, FAA and
DOT.

Project: 7231
Task: 03
Work Unit: 015
Organization Performing R&D: AI.IRL(In-House)
Title: Control of Human Exposure to Acoustic Energy_

The objective of this program is to investigate all avenuesof
potentialvalue for controllingpersonnelexposuresin the wide variety of
usual and unusual acousticenvironsof Air Force operations,and to control,
within acceptable limits, the intrusion of noise into residential areas
neighboring on Air Force activities. The continuous growth of Air Force
noise problems, .currently reflected in higher levels of intensity and more
frequent exposures, significantly increases exposures of persons on or near
Air Force activitiesto possible adverse effects of the acousticenergy. This
effort is to providethe principles,devices and proceduresnecessary to
control, within safe and acceptable limits, human exposures to the many types
of noise encountered in Air Force activities. Personal sound protective
devices including earmuffs, helmets, pressure and noise suits are evaluated
and developed. Criteriaand exposureguidelines for definingrisk associated

i with various noise exposures will be established. Procedures for estimating
reactions of individuals and con_munitiesto noise exposure will be developed.
The comparative individual annoyance of particular sounds that appear to be

_' either approaching or moving away from the observer has been evaluated in three
successive phases of an overall study of acceptability. Investigations have
been completed on effectiveness of new personal sound protectors; the effect

: of wearing eyeglasses on earmuff attenuation, attenuation effectiveness of
flight helmets for VSTOL aircraft and the acoustic features of the special
purpose Paramedic Helmet. Attenuation provided by a whole body sound
protection suit is being investigated. Work on a negative-pressure earplug
has jet been initiated.
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Project: 7231
Task: 03
Work Unit: 016
Organization Performing R&D: AI,IRL (In-house)
Title: Auditory .Responses to Acoustic Enerqy

The objectives of this program are to examine various
characteristics of human hearing such as resistance to noise, temporary
hearing loss, recovery from hearing loss, relative effects of frequency,
intensity, duration and intermittency of hearing loss, high frequency hearing
(above 8000 Hz), and long term low level effects in order to establish
general principles of behavior of the human ear in noise and to determine
the potential hazard of specific Air Force problem noise environs and
provide means for minimizing or eliminating these effects. One of tile most
prevalent and serious effects of noise in Air Force operations is over-
exposure of the human auditory system, resulting in impairment of hearing.
Effective preventive and control measures must be based upon the definition
and understanding of the functioning of the human auditory system in the
presence of noise. This work is related to the infrasound program and assess-
ment of damage risk criteria for infrasound. Bone conduction hearing, noise
induced hearing loss, drum membrance retraction, and electrostatic hearing
are specific auditory effects studied. Effects of acoustic signals below
20 Hz at sound pressure levels of 120-140 db on auditory acruity and tympanic
membraI_e retraction are measured. A study of the response of the auditory

i system to internal infrasound was recently initiated.
l

i Project:7231
E Task: 03

Work Unit: 017

Organ!zation Performing R&D: AMRL (In-house)
Title. Whole-Body Effects of Air Force Noise on People

A wide range of intense Air Force noise environmentsnot only
effect hearing but may interfere with motor performance, physiological
functioning, thought processes and contribute to fatigue in personnel. This
effort investigates types of noises and exposure conditions in which
accomplishment of the Air Force mission may be threatened because of these
adverse whole-body effects. Results are used to formulate exposure limita-
tions and establish specifications for use by Air Force activities responsible
for assuringthat personal noise exposuresare non-hazardous. The approach
is to measure effects of the many kinds of noises {infrasound, audio
frequencies, impulses) on a battery of standar d performance tasks; on circulation
in the peripheral members (fingers) and other physiological processes and on
mental tasks such as memory. Findings are used to establish exposure limits
beyond which undesirable effects may occur. Much of this work is possible
only becauseof the unique laboratorysound generatorsavailableat ANRL.
Infrared thermography is being used as an indirect indicator of peripheral
circulationchanges induced by whole body noise exposure. Pre-testarrange-
ments have been completed and data collection from human subjects will begin
in the immediate future. Ongoing efforts continue to measure performance on a
wide variety of tasks and on short term memory. A study of the effect of
whole body exposure vs auditory exposure to the same noise field has been
initiated.
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Project: 7231
Task: 03
Work Unit: 018
Organization Performing R&D: ANRL (In-house)
Title: Effects of Acoustic Stimulation on the Vestibular S_,stem

Subjective complaints of nausea and disorientation from
individuals exposed to intense noise and to motion in Air Force environments
continue to be reported and to interfere with mission accomplishment. This
effort investigates sensitivity thresholds and tolerance to noise and motion
of Air Force operations and their effect on vestibular function as related
to control of disorientation and other performance decrements.

Various measures of vestibular functioning including equilibrium,
perception of the vertical, counterrolling of the eyes, caloric nystagmus
and nystagmus produced by electrical stimulation are examined during exposure
to various types of acoustic energy consisting of discrete frequencies,
broadband jet noise, infrasaund, and pressure. Research involves responses
of both humans and laboratory animals to vestibular excitation.

Data on effects of broadband jet noise and pure tone on
human equilibrium have been reported in two technical reports (AMRLTR 66-85;
AMRL TR 68-7) and two manuscripts to be published. Three experiments have
been completed in which no consistent alteration in the perception of the
vertical was observed as a result of broadband jet noise or pure tone r
exposure. Electricalstimulationof the vestibularsystem was found to have i
little influence on the perception of periodic linear acceleration. Mathematical i
modeling of otolith-semicircular canal interactions and of adaptation to
sustainedangular accelerationis proceed.ingfor refinementand updatingof I.
the electro-mechanical model of the human vestibular system.

Project: 7231
Task: 03 .i
Work Unit: 019
OrganizationPerformingR&D: AMRL(In-house)
Title: Voice CommunicationDuringAir Force In-Fli.ghtand Ground

Operations b

Noise continues to be a major factor limiting or interfering i
" with voice communicationsin the Air Force,creating serious con_andand ,

control problems and safety hazardsduring routine as well as emergency .
operations. Other elements such as vibra'tion,windblastand reducedpressure i
may also reduce speaker and listenerperformance. These studies evaluate
voice communication to identify interfering factors, to determine biological
limitationsand to consider conventionalas well as unique approachesto

i specific operational problems. Results will be applied to design of future
military communications systems for use in high nolse environments.

Adverse Air Force noise environs are simulated in the laboratory
to define the nature of specific interference.effects,and to provide
recommendations and solutions which will minimize and eliminate the problems,
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Findings are applied direcLly to ,_ rrequ _.> for consultation from the field
and are incorporated into Mil Specs for con_munications systems, operating
procedures and voice comniLlnication criteria.

Plans are underway for a program to evaluate the relative
performance of lightweight communication systems in the noises of I"-39,
C-130, C-135, C-141, etc., cargo aircraft at tile request of the Life Support
SPO. A portable 12 station, high quality listening system for use in voice
communication research has been completed and a performance evaluation will
be accomplished soon. A llelium Speech Processor, which was developed
recently will be evaluated in-house. A technical article on speech in
artificial atmospberes appeared in J. Aerospace Med., February 1969.

Project: 7231
Task: 03
Work Unit: 020
Organization Performing R&D: AMRL(In-house)
Title: Simultaneous Exposure to Acoustic Energy and Other Stressors

Acoustic exposure in the Air Force rarely occurs in the absence
of other stresses; consequently, resulting behavior is due to the combined
effects of noise and other stressfulstimuli. The most efficientformulation
of personnel protective measures requires that the contributions of the
individualstimuli and their interactionsbe defined. This effort,investigates
physiological and psychological responses of humans exposed to acousti.c
energy occurring in combination with other stressful stimuli in order to
provide measures for minimizing adverse effects of simultaneous exposure to
multiple stresses in Air Force activities.

Temporarythreshold shift (TTS)due to controlledacoustic
exposuresis predictableand the mechanismsinvolvedin the responseare
well understood. This approach will cimbinecontrolledacousticexposures
with mechanical whole body vibration of observers to determine among other
things, if TTS under the multiple stress is different from that resulting
from the single acousticstress.

An initial investigation of the effects of exposure to combined
noise and vibration stimuli on temporary threshold shift has been completed.
Although results were not statistically significant, a very consistent trend
in the average data indicates that TTS under the combined stress conditions
was slightly but consistently greater than from the acoustic stimulation only.
This investigation continues with minor alterations in tileexperimental design

and in the parametersto be observed, i

Project: 7231
Task: 03
Work Unit: 021
OrganizationPerformingR&D: Space SciencesIncorporated,Waltham,Mass.
Title: _HumanOrientationDurin9 IntenseNoise Exposure

Equilibriumand orientationmay be disturbedfor AF personnel
during inflightoperationsand intense noiseexposure. Present preventive
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measures are only partially adequate because of a limited understanding
of the complex system which maintains balance. This research provides an
analytical study of the mechanism of equilibrium and will provide a
mathematical 'model for other systems involved, such as vision. The
technical objective is to provide a basis for a working nlodel of the
sensors of balance and motion to better understand how human equilibrium
is disturbed by motion and noise encountered in the Air Force

Under the present effort, the contribution of other biological
systems (such as vision) to equilibrium and orientation is being defined to
determine if they should be included in tile electromechanical model. Those
systems which improve the operation of the model and are significant to
military operations will be included. The model will be used to define
man's response to equilibrium and orientation problems and provide means
for minimizing and eliminating such problems in Air Force applications.

Project: 7231
Task: 03
Work Unit: 022
Organization Performing R&D: Miami University, Oxford, Ohio 45056
Title: Effects on the Vestibular SSjstemof Acoustic Enerqy

This research on tile effects of acoustical energy on vestibular
functioning provides information inlportant for understanding the conditions,
and manner in which high intensity noise affects equilibrium and produces
disorientation in Air Force crewmembers.

The researchconsistsof two phases. In Phase I, observations
are made on guinea pigs, rabbits,and monkeys. Acousticaleffectson
vestibular functioning_re observedby recordinghead movements,postural
adjustments, and eye movements. Phase II consists of an attempt to correlate
vestibularresponsesobtained in Phase I to movementof the stapes,pressure
changes in the perilymph and endolymph. Examination of the thermal changes
_nduced by acousticalenergy is investigatedduring this phase.

It has been demonstrated that the vestibular system can be
stimulatedby static pressures;the processby which this stimulation
occurs has been postulated. The vestibularsystem pathologyobserved
and responses elicited confirmsuspectedeffectsof acousticenergyon the
system.

Project: 7231
Task: 03
Work Unit; 022
Organization PerformingR&D: BattelleMemorialInstitute,Columbus,Ohio
Title: Effects of Air Force Noises

Aviationnoise environmentsgeneratewell defined psychological
responsesand little defined physiologicalresponsesof people. The objective
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is to investigate in the laboratory tile acceptability of specific approaching
vs _;eceding aircraft noises, and accompanying physiological responses that
may occur. Approaching noises are much less acceptable than non-approaching
sounds, yet this difference has not been quantified, This effort will
quantify the psychological Judg_nents of acceptability and identify the
presence or absence of simultaneous physiological changes. Results will be
utilized in the revision and updating of land use planning documents,

The approach is to measure physiological responses (heart rate,
pulse, EKG,etc.) and subjective responses to noises that appear either
to be approaching or not approaci_ing observer. Exposures and responses will
be documented and util-T_ed relative to problem acoustical environments and
to noise exposure and. tolerance criteria for preventive and protective action.

Two studies have just been completed and data are being analyzed,
One study involved the psychological aspects of subjective judgments of
relative noises. The second study subject was tile physiological responses
to relative noises. The follow-on Phase to independently quantify any
differences and determine significance will be undertaken upon completion of
current data analysis.

Project: 723l
Task: 03
Work Unit: 024
Organization Performing R&D" Ohio State University Research Foundation

! Columbus,Ohio
Title: Cell Changes Associated with Tealporar,v Hearing Loss

! This effort is to investigate the cause of damageto the inner
i ear.occurringwhen Air Force personnelare exposedfor long periodsto high

noise levels. It is known that at certain exposure levels there is damage
i to inner ear cells accompanied by permanent hearing loss; at lesser levels

impairmentof hearing is temporary, llowever,there is some evidence that
! continued exposure to these lesser levels may result in permanent damage.

This research investigates the possibility that the inner ear cells are
temporarily impaired in function because normal chemical reactions within the
cells are disturbed, but this disturbance is not sufficient to destroy the
cell unless prolonged. If this is the mechanism then specific drug treatment
may be developed on a rational basis.

The normal distribution of oxidative enzymes in the inner ear
of animals with normal hearing is determined by electron microscopy.
Animals are _rained to establish individual hearing thresholds and then exposed
to g0 db of sound for up to 48 hours and their TemporaryThresholdShift (TTS)
measured. Electronmicroscopy examinationsare made at various time intervals
followingexposure. In this way the biochemicalchanges in the inner ear
can be correlated with changes in the animal's performance.

Equipment and procedures have been completed for training
chln'chillasas experimentalanimals. A small group of animals are being
trained. The technique of tissue preparation for demonstrating the chemical
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reactions using electron microscopy has been completed and normal tissues ar_
in preparation. Results are expected to guide future human research on
setting hearing conservation criteria for continuous exposures (more than
8 hours per day) of Air Force personnel to noise.

Project: 7231
Task: 04
Title: Neasurement of Noise and Vibration Environments

Air Force weapon systems and equipment produce high noise levels
in areas where man must function (e.g., flight crews, maintenance crews,
workers in offices adjacent to flightline, residents in surrounding communities).
These high noise levels frequently cause serious bioacoustic problems such
as hearing loss, interference with speech, work, or sleep, and general
annoyance. The magnitude and character of the offensive noise environments
must be known to evaluate and resolve such problems. Primary objective of
this task is to define these bioacoustic environments by measurements whenever
practical or by estimating using analytical means which must be developed.
Secondary objective is to simulate these environments in the lab in support
of research under Task 7231/03. El.ectrical, pneumatic and bydraulic systems
are'developed and used to generate the different types of noise fields required.
Some Air Force systems also produce high vibration levels at crew stations
which can be hazardous or interfere with performance. Third objective of the
task is to define the vibration at crew stations of Air Force aircraft flying
low-altitude, high-speed (LAHS) profiles and to analyze and interpret data on
clear air turbulence and runway induced vibration in support of Task 7231/01.
Coordination occurs with many organizations in AFSC, SAC, TAC, Hq USAF, MAC,
ATC, AFLC, NASA, FAA, American National Standards Institute, aerospace
industry and the scientific community.

Project: 7231
Task: 04
Work Unit: 011
Organization Performing R&D: Textron Electronics Inc, NB Electronics

Division, New Haven, Connecticut
Title: DZnamlc Pressure.Chamber

The objective of this program is to develop and install a
Dynamic Pressure Chamberfor accommodatingone human subject. The chamber

_. will serve two basic purposes: (I) the simulationof the very intense
_nfrasonic noise from rocket boosters and large Jet engines for determinations
of human safety, toleranceand performanceih such noise fields; and {2) the
measurement of basic biodynamic characteristics of the body in its response
to airborne vibration, blast, and decompression.

Project: 723i
Task: 04
Work Unit: 017
Organization Performing R&D: AMRL (In-house)
Title: Mechanismsof Noise Generation,Prbpagation.,_andReception

• 15

r



Many USAFoperations (e.g., aircraft on the ground and
inflight, engine test stands, escape systems, auxiliary equipment)
produce high noise levels in areas where man must function. These levels
frequently cause serious problems concerning communication, hearing loss,
annoyance and performance. This work unit provides: (I) basic knowledge
and engineering methods necessary to calculate these environments; and
(2) quantitative information on the physical mechanics involved in tile
generation of speech and man's response to acoustic energy (in support of
task 7231 03).

The approachemployed is to conduct theoreticaland experi-

mental studies on: (1) the basic mechanisil_sby which acousticenergy is
generated, (2) the means by which this enelgy is propagated, and (3) the
physical response to such eneroy. Statisticalanalysesof experimental
data are performed,and theoreticalmodels are developedto arrive at
generalizedrelationshipsbetween noise source characteristicsand the
aerodynamic,mechanicalor thermodynamiccharacteristicsof the source
using such techniquesas dynamic-similaritymodels or electromechanical-
acoustical analogs.

Primary emphasis to date has been placed on a series of studies
to measure and understandtileeffectsof the ground plane on the noise
producedat varying distances from a noise source such as an aircraftduring
groud runup. This effort has includeda substantialliteraturesearch,
several model and full scale experimentsand the developmentof a new procedure
for calculating these effects. These results are very valuable for making
accurate estimates of noise fields and are being used in engineering
procedures for extrapolatingnoise data (e.g., the current AMRL study on
the C-SA aircraft)under work unit 7231 (]_018. A study on the attenuation
of sound by the atmosphere has been essentially completed; these results
provide attenuationdata applicablefor differenttemperatureand humidity
ranges.

Project: 7231
Task: 04
Work Unit: 018
Organization Performing R&D: AMRL (In-house)
Title: Bioacoustic Enviro.nment.sof.US.AF Aerospace Systems

The objective of this program is to measure, define and simulate
the acousticenvironmentsproduced by aircraft,rocket enginesand other
Air Force aerospace syatems as required for the evaluation of bioacoustic
problems, such as personnel protection, con_nunication, siting of noisy
facilitiesand communityannoyance. The engineeringapproach used under
this programis to measure, record, process,analyzeand simulate the noise
environmentsproduced in flight and on the ground by aircraft,rocketengines,
ground support equipment and other Air Force noise sources using high-quality
analog and digital electronicinstrumentat.ion,and apply established
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theoretical and empirical procedures and information on source characteristics,
atmospheric sound-propagation, structural noise reduction, etc., to
extrapolate and predict acoustic power spectra, sound pressure spectra, per-
ceived noise levels, speech interference levels, peak pressure levels and
other such measures of acoustic phenomena.

Project: 7231
Task: 04
Work Unit: 020
Organization Performing R&D: AMRL (In-house)
Title: Vibration Environments

The objective of this program is to define the low frequency
vibration environment at crew/passenger stations of USAFaerospace systems
in order to ensure _hat laboratory simulations for the determination of
human biomedical tolerance and performance criteria are applicable to
operational systems. For the rigid fighter, rigid bomber, and flexible
bomber classes of aircraft this endeavor will determine the crew station
in-flight vibration environment during low-altitude, high-speed flight. Such
data are required for tolerance studies and the development, evaluation
and testing of restraint and support systems using a variety of motion devices.

Data acquisition systems are installed onboard aircraft to
measure the crew station vibrations experienced in the X,Y,Z, roll, pitch
and yaw axes during low-altitude, high-speed flight. Analog and/or digital
techniques are used in the laboratory to determine the amplitude probability
characteristics and frequency composition of the data.

Project: 7231
Task: 04
Work Unit: 023
OrganizationPerformingR&D: Systems Research Laboratories,Inc,

Dayton, Ohio
Title: Data Acquisition S_stem for Noise Measurement

The objectiveof this effort is to develop a portable,multi-
channel data acquisitionpackagethat can be used to measure and record
acousticand/or vibratiEnenvironmentson a non-interferencebasis. Using
state of the art componentsand tech_ologywith a ruggedizedmagnetictape
recorder,the contractorwill designand develop a portable,batteryoperated
acquisitionpackage to measure and record multiple channelsof acoustic
and/or vibrationdata.

4. Air Force Aero PropulsionLaboratory

ProgramElement: 62203F

PrOJEct: 3066
_, Task: 12

Title: Propeller Technology
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Significant propeller system technology advancement is an
area of major importancefor V/STOL and light aircraft. The propeller
technology task consists of three areas: (a) lightweight propeller and
propeller/gearboxdevelopment;(b) improvementof propeller aerodynamic
performance and analytical prediction techniques; (c) prediction and
reduction of propeller and gearbox system noise. More specifically, near
term areas of concernare: decreasingpropeller/gearboxsystemvleight
through the USE of high strength-to-weight ratio materials and composites;
improvingpropellersystem perforL;lancethrough the applicationof cyclic
pitch and variable geor,_etry;improving basic airfoil design for optimum
performance; determining accurate static thrust prediction methods; improving
noise• prediction techniques through improved basic noise source theory; and
Improving propeller noise scaling techniques and noise reduction through
utilization of unique propeller designs based on noise source theory
information.

Project: 3066
Task: 12
_IorkUnit: OOl
Organization Performing R&D: l,lyleLaboratories, Huntsville, Alabama
Title: Study of Propeller VortEx Noise

This exploratory research program is directed toward developing
the technology to design effective quiet propeller configurations for
tactical light aircraft. The specific technical objectives of the effort
are to determine the dependence ef vortex noise on aerodynamic and geometric
propeller blade parameters, to develop an analytical model to accurately
predict propeller vortex noise, and to develop specific recommendations
for the design of minimum vertex noise propeller configurations. The original
experimentalv;orkof Yudin on vortex sound from rotatingrods and the more
recent work of Ollerhead and Lo_vsonare being reviewed and extended to account
for modern propeller airfoil shapes.

Project: 3066
Task: 12
Work Unit: 002
Organization Performing R&D: AFAPL (lh-house)
Title: Propeller Acoustics Test Facility

Current requirements for quiet aircraft have generated considerable
interestin the areas of propellerand rotor acoustics. Most of the.experi-
mental data _enerated over the past two dedades was taken on simplified rigs
employing engines as the propeller drive mechanism. Further investigations
have indicatedthat these engines can have a drastic influenceon the generated
propeller noise spectrum.

The objective of this program is to develop a propeller acoustic
test capability t6 measure near-field propeller noise utilizing the Air
Force Aere Propulsion Laboratory's electric G1hirlrigs. An automated
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instrumentation system for acquisition, analysis, _nd presentation of near-
f_eld acoustic data has been developed. Performance and acoustic tests
of the Lockheed YO-3A and the Allison variable camber propellers were
successful!y completed. These tests were used to verify the effective
operation of the test facility.

Project: 3066
Task: 12
Work Unit: 005
Organization Performing R&D: AFAPL (In-house)
Title: Perfornlance and Acoustic Testing of a Variable Camber Propeller

The objectives of this program are to determine the performance
and near-field acoustic characteristics of a variable camber propelJer for
V/STOL applications, and to determine the advantages and disadvantages of
the flapped blade concept versus the tandem blade concept for obtaining
variable camber. The engineering approach employed in this program is to
conduct static whirl rig performance and acoustic tests on an Allison variable
camber propeller using the movable flap concept. These results will be
compared with existing performance and acoustic data on the Hamilton Standard
tandem blade variable camber proReller.

Project: 3066
Task: 12
Work Unit: 006
Organization Perfonning R&D: Hamilton Standard Division of United Aircraft

East Hartford, Connecticut
Title: quiet Propeller Design Procedure

During the.past few years considerable interest has been
generated in the area of minimum noise propellersfor reconnaissance/surveil-
lance and specialoperations aircraft. Since these aircraftgenerallyhave
low wing loading, operate at minimum acceptable flight speeds, and require
moderately low propulsive power, their propellers can be operated at reduced
tip speeds thereby generating less noise. However, further propeller noise
reductions are necessary in order to achieve aural non-detectability at
relatively low altitudes. The objective of this program is to develop a
reliable design procedureto aid in the developmentof advanced quiet
propellers. The specific technical objectivesof this effort are to develop !
a computerized procedure for the prediction of propeller performance, noise,
and detectability,and to experimentallyverify the effectivenessand
reliabilityof the procedure by fabricatingand testing a representative
quiet propeller.

Project:3066
Task: 12
Work Unit: 007
Organization Performing R&D: AFAPL (In-h.ouse)
Title: .PropellerAcoustics Research

Ig
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The general objectives of the Acre Propulsion Lal_oratory's
propeller noise research program are to conduct analytical and experimental
investigations into the mechanics of propeller noise generation, tn'roview
existing methods of propeller noise prediction and develop improved methods
where a requirement exists, and to evaluate practical methods of propeller
noise reduction. The AFAPL propeller ocoustics test facility will be used
to obtain representative performance and acoustic data for various propeller
configurations. During the current year, tests will be conducted on the
Hamilton-Standard variable camber, the Lockheed QRC-Star, and the Curtiss-
Wright x-Ig propellers.

Project: 3066
Task: 12
Work Unit: 008
Organization Performing R&D: AFAPL (In-house)
Title: _uiet Propeller Concept Evaluation

The objective of this program is to evaluate the noise chara-
cteristics of various propeller configurations to determine the noise reduction
potential of various new designs. A series of performance and acoustic tests
_ill be conducted using the AFAPL propeller acoustics test facility. Variables
to be investigated include number of blades, blade to huh phasing angles and
blade length. The technology gained from this program will he used to develop
quiet propellers and rotors for quiet aircraft and helicopters respectively.

Project: 3066
Task: 14
Title: Propulsion Acoustics

With the advent of larger and more powerful military aircraft
propulsion systems, it becomes increasinglyapparentthat appropriatesteps
must be taken to alleviatethe noise problem. Engine noise levelsmust be
reduced in order to provide a safe working environment for ground and flight
crews, to alleviate the problem of acoustically induced structural fatigue,
to reduce the possibility of aural detection during combat operations, and
to improve the general communityenvironmentaroundmilitary air bases. In
order to achieve the apparentlydiverginggoals of low noise and high perfor-
mance, continuing research efforts to develop a better understanding of the
basic mechanics of noise generation are required.

The Aero Propulsion Laboratory maintains a comprehensive pro-
pulsion acousticsresearchand developmentprogramconsist.ingof contracted
and in-house efforts. The overallobjective is to develop the technology
base necessary to significantly reduce aircraft propulsion system noise with
minimum associatedperformanceand weight penalties. The work effortsunder
this task are directed toward two apecific goals:

a. developmentof quiet propulsionfor reconnaissance/
surveillance and special operations aircraft, and
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b. reduction of propulsion system noise to support
current government noise abatement efforts.

Project: 3066
Task: 14
Work Unit: 001
Organization Performing R&D: Garrett Corporation, Phoenix, Arizona
Title: Small Turbine Engine Noise Reduction

The purpose of this program is to develop the technology base
necessary to effectively reduce the noise signature of existing samll turbo-
prop and turbofan engines. Althougb tile program is primarily aimed at light
aircraft propulsion, the technology generated is directly applicable to
auxilliary power unit silencing. The specific technical ob.iectives of the
effort are to accurately predict the radiated acoustic signature and aural
detectability of existing turboprop and turbofan propulsion systems in the
80 to I000 shaft horsepower class for turboprops and the 400 to 5000 pound
thrust class for turbofans, to develop effective methods to minimize pro-
pulsion system aural detectability, and to determine the engine performance
and weight penalties associated with the various suppression methods.

Project: 3066
Task: 14
Work Unit: 002
Organization Performing R&D: Bolt, Beranek, and Nel.._nan, Inc.

Los Angeles, California
Work Unit: 003
Organization Performing R&D: General Electric Company, Evendale, Ohio
Work Unit: 004
Organization Performing R&D: Lockheed Georgia Company, Marietta, Georgia
Title: ,Aircraft Engine Noise Reduction - Supersonic Jet Exhaust Noise

In order to provide the technology base reouired to design and
develop low noise, high performance turbine engines for future military air-
craft systems, a series of exploratory research programs are planned. The
objective of these programs is to develop an accurate turbine engine perfor-
mance/noise analytical model to determine the aero-mechanical design trades
in performance that are necessary to obtain satisfactory noise reductions.
The overall effort includes a thorough investigation into the fundamental
mechanisms of turbine engine noise generation and will rely heavily on the
results of current Department of Transportation and National Aeronautics and
Space Administration engine noise reduction programs. The initial effort in
this series is directed toward afterburning supersonic jet exhaust systems
with operating conditions typical of supersonic transport (SST) and long range
strategic (B-I) aircraft propulsion systems.

The current supersonic jet exhaust noise effort consists of
three programs directed toward developing the technology to significantly
reduce supersonic aircraft propulsion system" noise with minimum associated
performance and weight penalties. The primary oh.ieetives of these initial
programs are to investigate competing mathematical models to accurately
describe the aerodynamic, acoustic and performance characteristics of super-
sonic jets, to determine critical noise generating mechanisms for the B-I

21



s.trategic aircraft system, and to experimentally demonstrate the advanced
instrumentation required to verify the analytical models being studied.
Based on the results of these programs, a follow-on effort will be initiated
with the following specific technical objectives:

a. The development of a thorough qualitative and
quantitative understanding of supersonic jet noise processes including
the interrelationship of the distribution, level, and spectra of acoustic
power and the spectra and directivity of near and far-field radiated sound
with the turbulent structure, local flow properties, and nozzle performance
parameters.

b. The determination of the effects of internal fluctuating
forces in the nozzle on the jet noise production process. These internal
force fields include turbulence and unsteady combustion due to afterburning,
turbomachinery, and primary combustion.

o. The formulation of specific techniques to significantly
reduce supersonic jet exbaust noise with minimum associated performance and
weight penal ties.

Project: 3066
Task: 14
Hork Unit: 005
Organization Performing R&D: Bell Aerospace Corporation, Buffalo, New York
Title: Jet Noise Reductionfor MilitaryReconnaissance/Surveillance

Aircraft

The objective of this program is to evaluate and experimentally
demonstratea unique quiet propulsionconcept for advancedquiet aircraft
systems, The performance and acoustic characteristics of the total propulsion
system will be assessed under this effort.

5. Air Force Weapons Laboratory

Program Element: 63723F
Project: 683M
Organization Performing R&D: Aerospace Medical Research Laboratory

Wright-Patterson AFB, Ohio
Title: Computer Noise ExposureForecastin_

The objective of this project is to revise the methods in
AFM 86-B, land use planningwith respectto aircraft noise to'predictlocal
community responseto changes in noise levels resultingfrom Air Force
aircraftoperations, Future applicationof these new methods will allow
the locating of new aircraft to bases and the controlling of other aircraft
operations in a manner to minimize noise disturbances. The approach taken
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will be to modify the Federal Aviation Administration's computerized noise
exposure forecast (NEF) technique to allow it to predict the effect on the
local community of noise caused by Air Force aircraft operations. Thus far
AFRL has advertised for qualified researchers and is in the final stages
of completing a procurement package, Coordination is being accomplished
to conduct AHRL in-house noise measurements on Air Force Aircraft in
operation.
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PROGRAM ELEMENT
PROJECT/TASK FUNDING SUMMARY

($x!ooo)

_RoaRAM PROJECt/ _ 74
ELEME,NT. TASK _ 68 I;_/6.____9I_/ 70 _ 71 Fir ,7_. FY 73.

6iI02F 9781/02 70 74 73 81 80 85 85

62201F 1471/02 280 280 287 290 290 310 320

6220RF 7231 350 450 348 421 4!0 415 410

62203F 3066/17 - 160 75 125 125 i00
3066/1_ I00 I00 124 I_70 350 400 425

80_ 50

ro 63723F 683M

800 904 992 1337 1255 1335 1330
_o_Am.



NAVY
FEDEr_%LNOISE PROGRAMS|NFORMATION

A. Overall Program Objectives

Noise abatement of aircraft and related ground facilities and equipments.

8. Specific Programs and Research

I. Description

a. The Navy aircraftnoise abatementprogramis divided intothree
general areas:

(1) Noise reduction.of operating aircraft.

(2) Noise suppression for ground run-up of engines, in_talled
in aircraft, during test operations and pre-fIight checks,

(3) Noise suppressionfor groundpost overhaul/maintenance
testing o_ out-of-airFr'aJl,eeugines at i_aval Air Rework Facilities and
Fleet Intermediate Maintenance Activities.

b. An Exploratory Development program is underway to develop a
light weight, semi-portablenoise suppressorfor gas turbin_engines
based on the application of "Coanda Jet Deflection" and the phenomena of
noise suppressionof "AcousticNoise Refraction"by temperatureand
velocity gradientsin a jet flow. This developmentprogramwill be useful
in advancing the state o[ the art of noise suppressiontechnologyparticu-
larly for ground run-up of engines installedin aircraftand for post-
maintenance test of engines out of airframe.

2, Objectives

a. The presentstate of technologyin operatingaircraftengine
noise abatementdoes not permit adequatenoise suppressionin high
performancejet engines to satisfyincreasedstringencyin noise regula-
tions. Since it is a problemcommon to the entire aviation field,
FAA and NASA are takin_ the leadwith military deDartmcntsand industry
providing cooperationin advancingnoise reductiontechnology.

b. INavymaintenanceactivitiesand NavaiAir Rework Facilities
(NARF's) have full power aircraftgroundrun-op spaces. Only12 of
approximately225 aircraftrun-up pads have been provideddoisesuppressors.
The majority of activitiesperformrun-upstotally unabated. Design
of univeral/allpurposeaircraftgroundrun-up suppressorsare not
achieveable due to variousaircraftconfigurations--- suppressors
must be close-coupledto the aircraftand must not interferewith



the check and test of the aircraft stablizer, flaps, flying tail,
dive brakes and tailhook. It is anticipated that approximately 75%
of the 225 run-up pads will be required with suppressor units.

c. Out-of-airFrame testing of gas turbine engines in engine
test cells at NARF's is not a problem since these test cells already
have sound suppressors. Abatement of smoke and chemical emissions
is expected to provide additional noise reduction -- a nucleation
scrubber prototype at NARF Jacksonville indicates such reduction.

d. The Navy has 153 out-of-airframe engine test systems in
use or planned for use by Fleet Intermediate Maintenance Activities.
Approximately 23 of the inventory are acoustically treated including
all of the turbo jet/fan permanent/demountabletest systems. Noise
abatement of 75% of all test systems is an objective. These involve
the portabluturbo jet/fansystems and the turbo shaft and turbo prop
test systems.

C. Procedures

I. Identification.of Program Areas and Research Needs

A Navy "NoiseAbatementCommittee"has been establishedconsisting
of representativesof NAVAIR, BUMED, NAVFACENGCOMand a NARF to identify
problemareasand to determine requirementsand priorities.

2. SpecificAcLiqns to Abate and ControlNoise

a. Noise specifications for new aircraft engines are under
revision to incorporate best known design requirements consistent with
the state-of-noise technology.

b. Specifications for specific aircraft ground run-up noise
suppressors are being developed. Suppressors for the A-7, F-4, A-4, and
T-2C aircraftalready have been developed.

c. "Acoustic.Enclosure"designs have been developedfor the
turbo-shaft/proptest systems. Three prototypeacousticalenclosuresfor
differentturbo shaft test systems are scileduledfor erection, test and
evaluationin the fall of 1971. Two semi-acousticalenclosuresFor
turbo prop test systemswere constructedin 1968/1969. Engineev;ing
design/prototypedevelopmentof demountableturbo jet/fan test systems
are being conducted.

d. A time-phased program plan is being prepared to support
budget requirements for the development and acquisition of un-attenuated
aircraftground run-up pads and out-of-airframetest systems.
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3. Procedures for Coordination with Other Federal Agencies

a. Liaison with the Air Force on noise abatement programs for
aircraft run-up pads and out-of-airframe test systems is being conducted,

b, FAA, NASA, military departments and industry are cooperating
in advancing noise reduction technology.

c. Liaison with EPA is being conducted on development of and
compliance with standards.

4. Extent of In-House Capability

NAVAIRSYSCOM has qualified personnel to administer, manage,
design, test and procureequipmentto support an aircraft noise abatement
program. This includes personnel at NAVAIR lieadquarters, the Naval
Air EngineeringCenter,Philadelphia,and the Naval Air Propulsion
Test Center, Trenton.

D. Fiscal

I. Real Property Value of Facilities and Equipment Used for Noise
Programs

Estimatedaveragereplacementvalue for facilities/equipment
at various Naval Air Stations:

a. Gas Turbine Engine Test Cells (total value including noise
suppression) at NARF's and Fleet Activities - $57.2 Million

b. AircraftGround Run-up suppressorsat NARF's and Fleet
Activities - $2.60 Million

2. Research Contracts

a. A contract was awarded to Boeing Company, Wichita in
August 1971 to accomplish scale model development of tileCoanda Jet
Deflection system.

_ b. Total researchand technologyfundinG for FY 70 and FY 71
: amountsto $186 Thousand.
!

:_ 3. Past Programs(3-5years)

a. AircraftGroundRun-up noise suppressionin NARF'sand
_; Fleet Activities - $2.0 Million
C_
SI b. Acousticallytreated out-of-airframeengine test cells in
_! Fleet Activities - $I.g3 _lillion
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4. Future Facility Cost__ss

a. It is anticipated that about $23 Million will be required
through the FY 76 time-frame to equip a minimum of 75% of the 225 Navy
run-up pads with suppressor units.

b. Approximately $I0.2 Million will be required through FY 75
to provide noise abatement for out-of-airframe engine test cell acoustic
enclosures.

c. These cost requirements will be supplemented by Marine Corps
requirements as they are developed.
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFAREOFFICE OF THE SECRETARY

WASHINGTON, D,C, 20201

September 20, 1971

Dr. Alvin F. Meyer, Jr.
Director, Office of Noise

Abatement and Control

Environmental ProtectlonAgency

Washlngton_ D. C. 20460

Dear Dr. Meyer:

Enclosed are the Department of Health, Education, and Welfare

activities related to noise effects, abatement and control.

These activities are associated with the health effects end pro-
tection against high noise levels.

If any additional information is required, please contac£ me at
Area Code 202--962-2241.

Sincerely yours,

Robert D. Lanza

Special Assistant to the

Assistant Secretary for
Health and Scientific Affairs

Enclosures
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FEDER__L I'01SE PHOG_S_'_ INFOI_IL_T!O_;

!. Organization_1

A. Department of llealbh, Education s_d Ylelfare, Social Security
A_-nistration, Dalbimore, IL_j].and

B. Social Secular' Administration's Employee Plealth £'erviee has

used Lhe occup:tiorlal me&ical guid,_iinas a_ described in ih/blic

Law 658, 79th Congress. fJ.:;othe Bureau of Budget Circular A-?l
directs heads of agencies to sstab].dsh occupational health _ogr_.

!L Functional

A. Overall prozr;um objectives relate to hearing conservation got%rices
as part of a total occupatioI_.al health progra_. Those include the
objective of assessing and re_noving or [,l_tocting eaLployees against
envi_'cllmcntal hazards gush as noise.

B. Specific Programs and Research

I. The hearing conservation effort "includes:

a. Identlfica_ion of _:orIcareas :diets elevated noise levels

are a problem and dezel_.LLnJllgoDc1*ating schedules.

b. _e obtaining of entrance on duty audiogr_us and noise
exposure histol_, on all employees assigned to _;o_¢ areas
of 90 (L_(A) or over.

c. Reduction in noise levels by isolating and attenuating
noise producing equi._nsnt in order to reduce noisa at

its source end when indic_tedj l_r_iting duration of e:q_c._u_-es.

d. Periodic audio;_etric r_vis_; of _ employees assi_-m,ed to_.ork arc_s _rith elevated noise levels. Should threshold

shifts be greater them 3.5 decibels, employees fl_om noisy
areas ere rsew._luatcd, hea_inz protection checked for fit
and use, and repeat audiegra_is obt__ined £ollo_-_in_at least

15 hour._;of noise-free ekqoouure. Should loss persist,
reassignment is considered.

e. Personalized fibtin_ of ear protection equipment for

those e;_i_loyoesx_o_cing in areas of 90 dB(A) or zero.

f. Supor_iso_j and employee health education poin5ed to

use of hea_ng px_tection eqtttpmen_ and proper use of
so_md _.5tenuating cncls:uu_es.



_,_i_̧ _,,_i_i _

2. Objectives

a. The progra_ is movi*_gin the dir_=ticn of desired
objectives. IIo:leverjfull leng-ramge impact of the
the program has no_ been assessed.

h. Evaluation criteria consists of:

(i) Periodic revie_ of serial auS/o_rams.

(2) Repeat orientation Ins_.ruet;e_ for supervisory
and line perso_mel.

(3) FcJ-low-upof those employees evaluated or reassigned
because of hearing loss.

C, Procedures

i. Prsblemlareas are identified through c_ntinuous inspection
tours of _ork areas. The healt_ foldczs of e,_plcycns_yho
have demonstrated hearing loss are evsm-uatedin tol_nsof
noise levels at _;orkcites.

2. Specific actipnz to _baZsand control moise include:

a. So_md absorbin_ media inst_llation_ (ceilings, _.lalls)
to noisy areas.

b. Sound attenuating high noise level producing machines
and equipment.

e. Evaluating ne_ equipment prior to _'dcring in order to
avoid high noise levels. Consult _ith manufacturers in
the design of such equipment.

3. Coor_iination_th other agencies is achieved through pro-
faesional affiliations s_ch as Federal Council of IIedlcal
Directors a_d contacts in the _oric_ Industrial Hygiene
_ssociation.

!

_. Inhouse capability is suppler_entsdby ,_ons_ultantsfrom both
, the construction and the Industrial l_lene Spsclc3-ists.

,g. _e_Yprocedures _lll include utilizati_ of more sophisticated
!i noise level determination equipment so as to include authentic

duration exposures and to assure the mm_t appropriate type of
hearing protection equipment.



D. Future progr_l proposals }_!l _-uc!udo a more pointed
coordination across agency _d professional lines e.ud
indoctrination of nur_-ng and medic_--Istaff _.lhoc_le
in contact _rlth"employees who worh in areas of high
noise lcvcls.

IIL Fiscal

A. Current _k-ogr&m

I. _e_"! property value of facilities -__udequipment used
for noise prosr_m_:

Audiometer (purchased in 1966) $1,hOO
Audiometers (2) I_/1971 3,700
]leal_ingBooth (ptlrchasedin FY 1971) 2,200
_'[_sh Healey Noise _x_osuro _qeter
andattachments 1,670

Sonic_r Valves 50

8_Iico_eEar_.o].d.Kit 375_

Total $9,395

The purch_.soof 3 audiometers for field ia projected
for FY 1972 at a cost of $1,850 each.

l._intenemceof Audiometer during FY 1971 $200

Project6d e_'_tLmatefor repair for FZ 1972 $200



FEDERAL NOISE PROGRAM INFORFD_TION

I. Organizational

A. Department of Health, Education, and Welfare, Health Services
and Mental Health Administration, National Institute for

Occupational Safety and Health

B. Public llealth Service Act

II Functional

i. A. Threshold Shift in Hearing from Nonoceupational Noise
Source

B. This project is primarily a completion of an earlier
commitment with Federal Aviation AdminJstratlon to

supervise a reimbursable contract study of aircraft
noise effects on residents in an airport neighborhood.

In addltion_ the final phase of a study of the effects
of recreation and entertainment noise on individuals

is being completed.

C. Previous commitments are being completed. Both contract
and in-house studies involve primarily audlometrle
testing with some source measurements.

2. A. Interim Criteria for Environmental Noise Control

B. This project is the completion of an earlier commitment
to draft interim noise criteria or acoustic requirements
for the outdoor urban and community environment and for
the indoor home environment with relevant considerations

of noise effects on health, performance, safety, and
comfort.

C. Tbls objective is to he obtained through technical
review and consultation.

IIl Fiscal

A. There is no real property or equipment devoted exclusively
to these two projects. The operating budgets of these two

projects (exclusive of previously funded reimbursable
contracts) is about $21,000 of which about $17,000 is
personnel cost and $4,000 related expenses of operation.

Both projects will be completed during FY 72.



B. These projects were initiated in FY 69 and FY 70, respectively.

Total expenditures exclusive of the $50,000 reimbursable
contract in prior years amounts to $69,000 and there are
no projected activities after FY 72.

IV. Regulation and Certlf_catlon

Not applicable



FEDERAL NOISE ABATEMENT PROG[<AMS

I. A. Department of Health, Educatlon_ and Welfare; Food and Drug
Admlnlstra_ion

B. Federal Food, Drug and Cosmetic Act.

II. Some activities associated with _he noise level of percussion toy

caps as related to toy safety. Problems encountered during the

1970 toy survey have been resolved.

IIi,

& IV. Not applicable.



FEDERAL NOISE ABATEmeNT PROGRAMS

I, A. Department of Health, Education, and Welfare; National Institutes
of _leal_h.

B. 42 U.S.C.

II. A. Research into tile pathological and physiolo@ical effects of

noise (not directly applicable to request).

B. Attached 200 word Research Project summaries.

III,

& IV. Not applicable.
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Histopathology el Temporal Bones
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Rutledge, Lewis 5,, M.D., Pz'incipal Investigator, Department of Otolaryngolog7
Gonzalez, Gcrardo, ]VI. D. , Co-Investlgator, Department of Otolaryngology

Tabb, Harold G.,M.D.,Professor and Chairman, Department of Otolaryngology !
Rubin, Wallace, M.D,, Asso, Professor, Depaz_ment of Otolaryngology

Istre, Clifton_}Jr., Ph.D.,MedicalAudiologist, Department of Otolaryngology
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This research project is proposed to procure valuable pathologic human
temporal bones for surface prepa_atiens or histologic serial sectioning and careful
naicroscopie evaluation. The study is designed to correlate _b.normal ante mortecm
auditory-and,vestibulaa,-'disturbtt|,cee.with poatmortern hletopathologic changes in

illne z ea_,

In animals, "the eff&'_'ts b'f*#oCYcdt'_nois_ qnd tho stroptomyces drugs will be
evaluated by _],ect_'icaJ. nudion_otry and surface prepaz'ation or step aeetions.
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IESEARCH
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i

006000 CO..'lT_.NUA_ I 0,_
_0700Q 818 S. K_tiGB_IZGEI_AY BLVD. ST LOUIS, MISSOURI .63110
009001 DIRECTOR' OF RES EARCII

Prlnclpa.l Inves.tigators: I. J. Hirsh (Director); H...Davis

(_ctrosncephalography); D. H. Eldredge (Eleo_rophysiologyl;
3_. Miller (Animal Behavior and Psychology), A. F. N iemoeller
(Electrical Engineering); and C. S. Watson, J. H. Mills, D. A. Ronken,
L. P. Swisher, N.. P, Ether, P. L. Divenyl, D. G. Dresoher, O, S. Gordon,
H; S, Lane, F. R. Klsffner, and 2%. A. Simmons.

Present studies include the follovrlng:
Clinical application of evoked cortical potentials and relation
of potentials to different sensory inputs; eleetrophysiologleal
studies of cochlear patt0rns and of auditory-nerve coding;

behavioral, physlolouieal and anatomical measures of temporary and

temporal aspects of auditory perception and of auditory" masking;
pitch perception of.sounds with changing frequencies; detection
of signals in noise, dlsoriminability of complex tonal patterns;analysis ef lipreading by deaf subjects, psychological and
llnguistis effects and aspects of impaired hearing; development
of special wireless group hearing aids and of equlpmen% for
measuring hearing-aid performance.
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W, Di_Dn 1'_d, Ph.D.; _rofossor_ Department of O%01_/_olo£_

D_a._%J. Duvall, i/I, _I. D._ P_cfosso_, Dopa_t_an% of Otolarya_-olo£y
._ A. Nelson, Ph. D.; Research Aseoclsto_ Deponent of Otmlarynsolo_y

L. This research will examine in the chinchilla the relations amoe_ I
(i) "_he::.temporary changes in ;auditory scnsitivitl/ ca_ssdlby s_vere b_t
_btraurnatic _'xposures to.nois_ (2) the permanent changes i-n sensitivity

produced by"a more severe noise exposure, and (3) the structural and
_itrastruetural Changes observed in the" affected cecAl.sac. Behavioral

testing is accomplished by means of conditioned-avoidance techniques.
'_ Particular attention will be paid to possible histological sequelae of noise

_xposure that are not associated with a loss of auditory sensitivity. The
_undamental question, he,lever, is: Can individual d_fferenees in temporary
_ffects of noise be used to predict individual diffezences in resistance to
ermanent effects from more severe exposures?

"
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Royal C. Hayden, Jr., /V[.D. Donald N. Elliott, Ph.D. LarryA. FrazJer, l_[.A.
Otojogy Consultant Director, Otology Res. Lab. Assistant Director and

_Co_!_liirector ,Otology Res. Lab. Henry Ford Hospital and Research Associate
(,H_n_y Ford Hospital and Professor of Psychology Otology Research .Lab.

iAdjunct Assistant Profeasor_ Department of Psycilology Henry Ford Hospital
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The purpose of this project is to continue the work previously carried out in

evaluating the effects of integrity of middle ear muscles and the effect of tympanic

m_rnbrane elevation and r_he"alln_ on stimulation induced temporary and permanent

hearing threshold shifts. Specifically, the behavioral audiograms of conditioned

,monkeys after e_xposure:;to,hlgh._ntcnsity'r_6_v_r_quenay noise.: impulacr_nolse_ i and

icornblnatlon o£ the two will be compared before and after elevation of the tympanic

Irnsmbrane_ as well as sectioning the middle ear nausclcs. Rseovcry curves of the

hea1"_ng loss will be followed in their retttrn to a normal or permanent hearing loss

sta_;e. The temporal bones of all animals will bc removed and histologically
)recessed for microscopic study.
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This zrant supports the basis eetivltles of the K_es£e Heam_ng Research
Instlt_te. _t supports the salaries of many o_ the prinelpal _nvesti_ators
and trained RersonBel. Teehnleal help end othe_ items speeifle to a pa_tleuls_

_esesroh.a_ea are provKded fom By ethe_'_ants.

The a_eas of stud_ wltbin the Institute at the p_esent a_e as follows:
Oene_el Psyehoacoust_es, general auditory physiology (electrical potentials
and fluid exehsn_e); Cytoa_ehltee_u_e of the o_an of Co_t_ (phase and electron
mlcroseepy); comparative psyehoaeoust_es (behavioral determinations of hea_in_
in animals befome and afte_ experimental procedures); neu_ophys_o]6s_eal ear-
.elates of hearing; laryngeal transplantation and fselal nerve physloloEy;

hlstopatholo_y of the temporal bone; psyehoaeoustlcs, and vestibulam _lysio].oEy.
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DHEW NOISE RESE}_RCIIAND RELATED ACTIVITIES

FOR 197,1.AND PLANS FOR 1972

Io )@at:ior,_lInstitute .fez"Oecupat_.o!]al Safety and }lealth.'

A. Projects listed below were conducted during FY 71 and are
planned to eontinus isle FY 720 Cot%tract funding iuformacion
is sho_n in Table I.

lo O.c_.cc.upat_.onaINoise and l!c_a_-ing.._.qurvey.:This is" a
continuing stud), ainled at o.stabilshing relationships between
representatlve types of in(]ustrial noise conditions, years of

exposure, and hearing l_vols of %,orkcrs as a basis for
doeu*l_-'ntingcriteria for safeguarding hearin s. Art additional _

aim is to ascertain prevalence of hearing impai_'mertc In
different _:orl,.ergronpSo All wor]¢ performed on _hls project

for FY 7| was conducted in-house, including uolse surveys
and hearing evaluations on 600 _orkers engaged in jobs

connected with road repair, printing, or.eel product |nanufacturing,

end transportation services. %4ith regard to the latter, FY 72
plans will include in-house noise and hearing studies of trucking

operations _hieh may have so_e. bearing on DDT proposed noise
llmi_s for tire driver compartments of comm_-reial vehicles.

"FY 72 plans also include two contracts, one callingf'o'c nn
evaluation of serial audiometric dat.a available on workers

who have been exposed six to twelve years to kno_m levels of
miltlng noise; another contract xssy deal with hearing losses

amotlg workers exposed to intermlEtent noise conditions,

2. ,T.hresh_qldShifts In Hcarin_ frpm NonYOce_pntional Noise
F:xposures: This is a conginuing project seel,.ing Co assess
risk of hearing loss caused by e>:posuras to off-job noise
conditions° Aecompl_shments Ill FY 71 included in-|louse

surveys of sound levels ill nine separate rock-and-roll sessions

with pro- and post-eXl)om|re hearing measurements on a total of
I_4 teenage musicians and 162 teenage spectators° Via an

Interafiency arrangement, with FAA and by n:eans of a conic'act,

sudlograms _ogether with a noise history questionnaire and
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otoscopic cheek are be_.nllobtained on residents in a noise
impacted neighborhood bordering ],oA_ Airport° Similar
lllforn*_qtlonis being collected on residents in a control

nelghbo1:hood 30 m£1es ax.._ayo In ndditlonj mez_surements of
backgrn'und and intrtlsive noise levels from airerafa ate

being mad_ in both con_,unitleso A contract study is presently
balng negotiated which will furnish hearing data on i00 or

more young adults engaged "in.noisy recreational activities
such as roch..and-roll music playing, drag strip racins,

cycling, shooEingo ||caring measurements hare _4iI].include
thresholds at high frequencies much beyond the conventional

audlometric rangeo

3o Industrial l_o_se and _.JediceJ-Snfetv-Attendancc D;tta on

Wo_-kcrs: This project seeks go determine if _here is [_qy
evidence coupling severity of occupational noise conditions

£o the occurrence of extra-aural physical and behavioral

disturbances in worhe_'o° Aceonlplishments during FY 71 on
this project was to plan a contrac_ study to uncover this

information through compari*%g entries in the existing
medical, safety, and attendance records of a_ least 50[)

_:orkers employed in noisy jobs and 500 in quiet ones,
FY 71 funds will cover this contraC£o ConLingen t"on the

possible In_*dnquaoies fou1_d in cxistlng medical records of

In-plant workers to furnish needed health information on
this project, it _nay be necessary to perform clinical

examinations for this puz-poseo Plans to obtain such data

via contracts have been not:cd i*_ FY 72 proiect planning°

4o A.q_2.pz%cts.9.fNoi_q a__ndPgl:cho-P)lysiolo_Ic _R.e_2ons_e:
This ):esearch project attempts _o clarify physiologic and
subjectlvc reactions elicited by :;nerds _hlch di£fnr greatly
in ncoustJ.e qtlnllty, perceived meaning and purposefulncsSo

Specific ques_'ions to be considered in this project include
the fol le_,,inl,:

aA De avcrslve types of sounds cause distinctively

different physiological changes from those of a more
neutral na=ure ?

b, _4hat is the deirce of correlation between p|_yslologic

•reactions to those difforon_ sounds and subjective ra_ings
of their annoyance?
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co Is there adaptatlon of both physiologic and subjective
reactions to these sounds with repeated or prolonged

exposures or does tile time cdurse of these reactions differ?

d. How taay positive or negative associations given a

certain sound affect resultant subjective m_d underlying
physiologic responses?

During FY 71 a study plan was prepared to research the_e
questions via contract. Contract negotiation is not_ underway

and this project is expected to be funded by the end of FY 7l
and l:o be conducted in FY 72_ Expanded effort in this area

will .o dependent upon the results of the first contract stndyo

5., --Ynterlm..............Criteria for Envlron_1_ental_. Noise Contro_l: The intent
of this project is to formulate interim noise criteria oz"

acoustic requirements for the workplace, for the oL|tdoor urban
or canto!unity environment, and for the indoor or home environment

within'the frame work of existing huowledge of noise effects
on health, work efficiency and safety, comfort, ,_%d well-being.

During FY 71, an outlined approach to this project was drafted
by DHEW and reviewed by C15%]k_scientists selected to assist

in this task° Progress on the part of DIll; i.n attempting to
prepare a first %,,holedraft of this document has been delayed

owing Ko t])e imposition of administrative asslgPm_nts. Hew

attempts will be made in FY 72 to follow" through on this project.

6o Aspects of Noise D_>turb_!nce t:o__Sloes: This study was an
exploratory investigation of the effects of noise on sleep and
post-sleep behavior in two 25, 50, and 70 year old males.

FAA supplied $55,000 for this p_'ojeet which.was supervised by
D][E_ under an interageney agreement and carried out via contract
with the University of Cincinnati. During FY 71, the study

_as completed and a technical report sun=narizing results
prepared for publication.

7. Advisorx-Consultative-Tralnin _ S.ervlces on Noise Problems
and their ConErol Under this pro_act, staff offers

consultation to State and local agencies in developm_,n_ of

needed noise control pregra_ and plans and dlreets training
programs p workshops dealing with evaluatlon_ recognition and

control of nelse_ It also supplies technical and general
information on noise to gover|_n_nt agencies and the general

@ublie.



B, The projedts listed below represent new activities planned
fez' FY 72o Contract funding levels for these projects are
shown in Table lo

I. Survey, of,.JIi_hFr_e_uLbL_ncx'Nolr,es in the Work Environment:
Ti%is sLudy will (a) inventory types of industrial processes

and equipment which emlt noises with high frequency concentrations
of acoustic energy (abo_o 10 l.'_ITz);(b) describe instrum'entation and
procedures for defining worher exposures to such sound energy,

and (o) obtain representative measurc_nts in %cork areas where

the operating equipment is in USeo It is planned to conduct
this work via contract during FY 72.

2. Survoy_ of I{earij.._,Conservation ProP.rams in Industrz:.
The aim of this proJeoC is to survey hearing conservation

practices in various industries° Data will be sought
reflecting =he numher of programs presently in operation ,and

specific procedural details Such as audiometers used, their
mai_tenanee_ audioln_trio testing procedures# aspects of

persona'l protection and engineering control efforts. In
sddition, on-site inspections and calibration o_ audiometers

in use, noise measurements of test areas, will be made in a
selected number of companies for purposes of adding depth

to the information gaehered fr_n the questionnaire. This

questionnaire snrvey is designed t'o begin early in FY 72 and will

b.e strictly an in-house activity'.

3', Impact-Type Noise Exposure and Control i_ Industr2_: _ Via at%
FY 72 contrac e, an attempt 0ill be umde (a) to ident'ify types

of manufacturing-oenstr_c_ion equipment and processes _._hich
generate serong impact'-type sounds, (b) to prescribe

instrumentation and procedures for best describing such, ;

sounds, and (c) to obtain field data re_rescnta_ixe of worker

exposures to these impact noise souz_em, '8ubseques_ to the
rest*its of this co_trae r error t',snother contract study will
consider available means for reducing impact noise generatlo_s

'. at tile Source, and demonstrate on select industrial machines or

_I _quIi_men= the amount of quieeing achieved through applicatio|%

.i?: of.these treatments. The latter contract work will be funded
.i ' in FY 73.

1
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4° N_ise Effects on Non-Audltory, Sensor}, Functions rmd

Performance: This project is designed to evaluate in the
_aboratory certain measures of.vlsual, tactile, thermal,

klnesthotlc and vestibular functions that may be effected

by industrial-type noises and aspects of response accomnodation
with continued exposure to such noise. In addltion, an
assesss_-nt will be made of performance or safety implications

of these noise-induced changes through study of sinralated job
tasks incorporating speeif£c function or functions affected°

This work will be done on a oonuract basis beginning in
I_' ?2.

5o Temporary Thresh e]d Shift in ]|earin_..f1_omHigh L.evel

Noise EXposures: This praised for FY 72 will involve two
studies to be undertaken on an In-house basis° One %_ill be a

laboratory study to determine the degree of temporary

threshold shift resulting from high level low frequency noise
exposure in normal listenors_ _*e intent of this work will ba

to evaluate _he adequacy of d]k_ sound level measures i*% rating
hearing loss risk from industrial noises with prominent low

frequency energy. A second study will involv e the usa of
groups of workers exposed to high level noise in their work
environments whose hearing will be tasted both before m%d

after work each day for two weeks so as to dotoz_line the

growth and decay of noise-induced temporary threshold shifts
in hearing under normal work conditions. }|oaring testing
hare will include frequencies in the conventional audiometric

range as well as at select high 'frequencies. The latter

testing will be done in different work situations sampling
a variety of exposure sondltlons.

6, A s/_ects of.'Ear Tolerance to Noise: A first study inoludod
_n this project will seek to identify at least i00 workers

who_e tars, while unprotocEed, show little if any hearing

loss despite I0 or more years exposure to industrial noise
of hi_l level° Such workers will be subjected to clinical
exams, otologic and related evaluative tosgs seeking to

uncover distinctive factors which may explain their resistance

to oar damage from noise. This study will be conducted during
FY 72 on a contract basis.
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7. Guides to Ngise Control: Via contract, two guides for
noise control will be prepared. One is to summarize

£nfor'mstlon on _llnterials for i_dustrial noise control

purposes and a second is to offer basic princlPlCs of noise
control and cite case histories of implementation and

effectiveness° This work is to he handled by two contracts
to be negotiated during FY 72.

C. The projects listed b_10w are supported by grants through the
_atlonal Institute for Occupational Safety and ||aal_h. _2 71 and

projected F.Y 72 funding levels are noted in Table I.

i, DamaRo Risk Criteria for Tntermittent l_o_se ExDosure

(W.D. _4ard, University of Hirn.%osota): Research will evaiuate
growth and recovery of temporary nolse-lnduced threshold shifts

in hea;ing for intarmlt£ant noise exposures over a{ 8-hour
periodo. Datormlnation of noise levels, duty cycles which cause

threshold shifts subject to complete recovery in _he 16-hour

period betwicn two sllccossive 8-hour exposures _;ill define
oacupatlonal noise limits for intermittent exposures.

'2. T ralnln._ Pr,ogram i% Acoustic Envir_onmental _Control
(K. Stewart, University of Pittsburgh): Pro-doctoral

i,ter-disciplina= F program aimed a= devoloplng acoustic :
'specialists in handllng_noise problems in industry, 'housing,

transpo=_a_ion, schools, hospitals and thQ community a_ large,

3b' B._havicral ,_oxlclt 7 of N.ois%.i.n Immature Mice

(%_.B. Iturrisn, University of Georgia): Investigation Of
oensitlza=ion of immature mice to audiogenle seizure and to
assess the e£_acts of high level sounds on pesticide toxiolty,
drug af£ee_iveness end oa their overall behavior.

4. E_ffeets o£ _rea Sound Environments on,,Human Bohavlor
(I[,D. Warner,. University of l.lissouri)" Evaluation of _hree

zepresentatlvc noise conditions on realistic %;orl=tasks for
time periods resemSling actual work situations.

2
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5, !_slmnses of the Pro-Damaged. Ea_. (P.N, IIermm*, University
of Or0gon I.led£oalSchool): Study to evaluate the effee_'s of.

acous=ic over-stimulation on animal ears which have already

been svbject to temporary or permanent threshold shifts due
to llolse,

6, An Ob_e.ctlve _.:___et_}odfor Eval}zatlns Ear Protectors
(Po Hichael, l'am'_SCala Univursity)_ St'udy to cross-compare

and evaluate objective and subjectlve procedures for establishing

attenuation properties of both insert and earmuff protectors,

D, Also supported by the National Institute for 0ccupntional Safety
and ilealth are three noise, projects dictated by requlrcments of

the Federal Coal l_ne Health and Safety ACt. Those projects deal
l_Ith de,.,elop:_m,.|= of health standards for controlling noise

hazards, in mining, establishment of noise survey and monltorinE
procedures for mining operations, and promotion of methods for

engineering noise oontrol in mining equipment. For FY 72, it is

planned to negotlate at least t_o contracts in these subject areas
totalling $105,.O00.

If. }Tealth Services and. }_,entolHen'ith Admln_.stration (|,latlonal Institute
for 24ental Ilealth)

This" agency is supportin_ one research grant, "Physlologlo and
Psychologic Adjustment to _olse" (KoD. Kryter, F.R. Clarke,

Stanford Research Ins,tltute) which is in its secoa d year of
work. Funding for the period 6/i/70 - 5/30/71 w.as $45,394. For
the next twelve month period 6/I/71 - 5/30/72, funding _.sexpected

tO be $73,000. Essence O_ StUdy iS tO monitor noise effects on

performance and underlying physiologic measures on a long-term
basis. Subjects varying in age_ sex, se,sltivity to noise will be

involved _n this effort as will samples of everyday noises,

_-*•_......... _--_._ .... _.................. _ ......• :., _.--,, ,k.,_, ..... . ,,_,...... : • . _... : ......: . •H._ --¸-
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III. '_NationalInstitutes of Health.,(Natlonal Institute for Neurologls
-Disea._esand S_rok_ (_lh_OS)

Rill through NIRDS supports _rant research related in part _o sound
and noise as i_ may _ffost speech pereep_lon 'and heaz'in_.

Aetacln._en_ A conCalns a listing of ae_ivo research gr_nts in these
areas spanning the FY 71 - FY 72 time period, Actual or expected

fundin_ levels are lis_od, The list includes 18 ac£1ve _ran_s
whose cuz'rcntawards total $1,87t_j471.

i
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TABLE I

FY ,71 AND PROJECTED FY 72 CONTRACT Ah'D GRANT FUNDS FOR EOISE
PROJECTS I_.NATIONAL INSTITUTE FOK OCCUPATIONAl, S/O?ETY AND.IIEALT]'[

In-|louse .9r Contrnct Project FY 71 FY 72.

i. Occupational Noise and Hearing Survey in-house 75K

2. T_,resho].d"Shifts in }leering from

Non-0ccupational Noise Exposures 75KW -o-

3. Industrial Noise and Hedlcal-Safety-
Attendnnoe Records on Workers 60}" 150K

4, Aspects of Noise and Psycho-Physiologlc
•Response 45K ---

5, Interim Critmria for NoiseControl in-house in-house

6, Aspects of Noise Disturbance to Sleep completed

7. Advlsory-Consultatlve-Tralning Services
on I_oise Problems. and Control Inlhouse In-house

8. Survey of High Frequency Noises in Work
Environment --- 6OK

9, Survey of Hearing Conservation Programs

"in Industry --- In-hous c

i0. Impact-Type Noise Exposure and Control

• in Industry --- 60K

ll, Noise Effec1"s on Non-Audltory Sensory .
Functions asd Performance --- 75K

12,' Temporary _reshold Shift in Hearing
from lllgh Level• Noise Exposures --- In-house

13. Aspects of Ear Tolerance to Noise -'" 50K

14, Guides to Noise Control --- 73K

501( obtained via interageney agreement from FAA.



TABLE I (continued)

Research or Trainin_ ' .Grant FY ?1 FY 72

i. Damage Risk Criteria for Interm_Ctent

Noise Exposure" 40K 33K

2. Training Program in Acoustic Environmental
Control I02K leeK

3, Behavioral Toxicity of Noise in lnm_ature Mice i01" ---

4. E£fects of Three Sound Environments on Human

Behavior .... 7K

5. P_sponses of Pre-Damaged Ear --- 26K

6..An Objective Method for Evaluating Ear
Protectors 30K 30K

! :
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OFFICE OF TH_ UNDER SI_*CRETARY _N REPLY R_F_R 7OI

Dr. Albert F. Meyer, Jr.
Director
Office of Noise Abatement

and Control
Environmental Protection Agency
Washington, D. C. 20460

Dear Dr. Meyer:

This is in reply to your requestof July 30, 1971, for informationon HUD's
Noise Control and Abatement activities.

The involvementof NUD 'inthe noise controland abatementareas stems largely
from its supportof the nationalgoal of "a decent home in a suitableenviron-
ment for everyAmericanfamily." This goalappeared firstin the National
HousingAct of 1949. It has been reaffirmedin the interimyears and rein-
forcedby the Departmentof Housingand UrbanDevelopmentAct of 1965 and the
National Environmental Policy Act of 1969.

Pursuantto this goal. HUD has been interestedin noise policy and standards
regarding:

I. site selectionfor the housingHUD insuresor subsidizes;

2. structural characteristics and components of housing HUD insures
or subsidizes;

3. land use planning; and

4. other forms of assistancethat supportthe conceptof a decent
home in a suitableenvironment.

Noise controland abatementis not a separateand distinctprogramwithinHUD
but rather,an ingredientin the environmentalconsiderationsof all HUD pro-
grams and activities.

-!i



2

';ii In this context, HUD has recently consolidated, simplified and extended vari-
ous noise control requirements relating to the several HUD programs into a

.... single Department-wide Circular 1390._L,published August 4, 1971. We attach
a copy. Prior to publication, this circular was reviewed by the Environmental
Protection Agency, the Department of Health, Education and Welfare and numer-
ous other Federal, State, and local groups and private citizens. Although
HUD's interim standards have been found appropriate by reviewers, the Depart-
ment plans to consider revision after a reasonable period of experience.
The Department also has a continuing research activity in this area.

In order for the HUD Circular to be fully effective, it is necessary that
builders and the State and local comprehensive planning agencies have know-
ledge of the HUD noise control policies and standards -- we are providing a
direct mail out to planningagencieson this -- and also that they have a
convenient way of getting reliable, objective calculations of noise levels
around airports, major highways, and other sources of high noise.

Although we had earlier hoped that the Department of Transportation would pro-
vide Noise Exposure Forecasts to HUD as well as to the comprehensive planning
agencies across tileNationfree of charge,it now appearsto DOT that the
calculations can be provided to planning agencies only on a "cost reimburse-
ment basis." Although we understand DOT's views, the result is to limit
severelythe role and initiativesof the local planningagenciesin assessing
and controlling noise and in improved land use planning as regards noise.

_" Accordingly, we believe it highly desirable for EPA to consider providing Noise
: Exposure Forecasts and other noise control data as part of its coordinative

role in protectingthe noise environment.

:.;,:_!. Sincerelyyours,

Charles . Orlebeke
Deputy Under Secretary

Enclosure5

I,
I
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FEDERAL NOISE PROGRAM IHFOEMATION

I. Organizational

Dspartmen_ of Housing and Urban Development (see cover letter)

II. _neticnal

A, Objectives (see cover letter)

B. Specific Research

1, On-Going Projects

a. Technic// Back6-round for Noise Abatement in HUD Operating

Prp6rams

(1) Description and Objectives:

This project provides the technical support to assist in

implementation of the Departmental Circular 1390.2,

(2) Produe_ Include:

(a) Site assessment techniques that do not require the use

of acoustical measurement instrumentation for preliminary

screening of applications to determine suits_]_÷v of the

site with regard to noise exposure.

_b) Interim procedures for the measurement of noise exposure

at proposed housing sites.

(c) A technical support document for use as s reference by

field personnel.

_d) Training materials, including a demonstration tape

• recording,

! b. Development of Comnrehenslve Urban Noise Survey Methodolo_5', , ,, ,

: i (i) Descriptign '

This is _.he initial phase of a cost-shared researo_ projech

i i wlth the City of Ne|; York which is designed to assist the

T

i
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Department _ith obtaining factual information that may be

used in the cond1_ct of its programs in a large city as

well as to provide New York City with tools whereby it can

deal with its urban problems,

(2) Objectives

The objective of this first phase is to develop a statis-

tically valid methodology for objectively obtaining

information by which to characterize the baseline noise

climate of the City of New York.

c. Metropolitan Aircraft Noise Abatement Policy Studies

J.F. Kennedy International Airport, _ew York, N,Y,

Tri-St_Se Transportation Commission;

0'Hare International Airport, 0h±cago, Illinois,

Northeastern Illinois Planning Commission;

Bradley International Airport, Windsor Looks, Connecticut,

Capitol Region Planning Agency;

Cape Kennedy Regional Airport, Melbourne, Florida,

East Central Florida Regional Planning Commission

(1) Description

These four studies, funded jointly by HUD and theDepartment

of T_anspcrtation, arB currently in their final stages of

completion. Each clothe four planning agencies examined

the problem of aircraft noise in the communities located

near its airport. Various land-use-related measures were

evaluated for their pctentialfor alleviating existing

i
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problems and preventing future problems from arising in

the environs of the study airports.

(2) Objectives

The objectives are to provide In-depth case studies of the

airport noisecommunity conflicts in specific airport areas

to represent a range of potential noise a/].evlatlon strategies.

d. Spmmarydf MANAPS and Development of a Plannin_ Guidelines ,Manual

(i) Descrlptlon

_hls is presently being negotiated as a follow-up study to the

four original MANAPS. I% will summarize the findings of the

MANAPS and other similar studies, and evaluate each of the

remedial and preventive measures for broader application over

the nation. This, along with a discussion of the compatibility

of different land uses %o various levels of noise exposure,

will be included in a planning g_idsllnes manuel to be used by

planning officials.

(2) Objectives

_he follow-up study is intended to make the information

gathered by the MANAPS more useful to loc'_l officials con-

cerned with aiz_ort noise, It is also intended to incorporate

the knowledge gained in other studies Into the MANAPS.

2. Projects About to be Contracted for or Under Actlve Consideration

<,i

for.F,Y.1972

L.
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a. HUD Community Noise HandboOk

(i) Description

A practical reference handbook for use by HUD personnel,

planners, civic officials, developers and builders,

(2) Objectives

The objective is to provide a practical handbook that will be

useful to the non-specialist. It will deal with feasibility

of alleviating existing problems and guide planning to avoid

creation of future noise problems.

b. Comprehensive Urban Noise Survey

(1) Description and Objeotlves

Upon satisfactory completion of Phase I development of the

methodology, Phase II will assist Ne_ York City in conducting

the comprehensive survey to document the baseline moles

climate as well as to provide the HUD Regional Office with

detailed objectives information of the City of New York.

c. Urban Noise Survey Methodology for _ntermadiate-Size City

(1) Description and Objectives

The purpose of this study is to review and evaluate the

methodology developed for use in New York Oity to,determine

its applicability to much smaller cities. Necessary revisions

will be made and tested in an actual noise survey.
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d. Development of. Noise Exposure Measurement Instrumentation

(i) Description and Objectives

The purpose of this project is to modify existing or

develop new Instruments suitable for easy use in determining

site noise exposure pursuant %0 the interim standaz_s of

HUD Policy Circular 1390,2.

e. En_ineerin_ Guidelines for "Suitable Noise Control Feasures"

(i) Description

In some instances, mitigating circumstances may cause the

Regional Administrator to make exceptions for sites that

would be found "normally unacceptable." In those cases,

noise control features must be included in the slte design

and building construction,

(2) Ob_eptives

The objective is to provide HUD field personnel with technical

guidelines for techniques of minimizing adverse impact of

environmental noise on sites proposed for participation in

HUD programs.

f. Evaluation of Si$9 Noise Exposure Assessment _%chniques

(i) Description and Objectives

The objectives are to evaluate, impzove andangssnt the non-

Instzumental techniques for scresning proposed housin_ sites

with respect to their noise exposure.

g. Dsyelopmen% of Model Ordinances and Building Code Seetion_

(I) Description and 0b_eet,ive9 i

I

!' [

i



6

(a) One purpose is to develop model ordinances, zoning and

others for noise abatement and control that would avoid

incompatible land use with respect %o noise,

(b) Another purpose is to develop building code sections

that would be used as models for specifying the performance

of buildings in providing acoustical prdvacy°

h. Noise Emission Ratings for Appliances and Equipment

(1) Description and Objectives

The purposes of this study are (a) to foster the creation of

a national mechanism to provide noise emission ratings for

kitchen appliances and other •equipment for single- and

mmltffamily structures, and (b) to develop HUD noise emission

standards for approving the use of such appliances and equip-

ment in HUD-insured and HUD-assisted housing.

C. Procedures (refer to HUD Circular 1390,2)

1. Problem areas ana research needs are identified by field personnel

who implement the Departmental programs and HUD Circular 1390.2,

Research priorities are assigned fundamentally on the basis of

incidence of problem, need and overall benefit to the

community,

2. Specific actions to abate and control noise mainly deal with efforts

to avoid exposure of new residential areas and to provide a suitable

auditory environment both outside and within residential buildings,

3. Procedures for soemiinatlon with ether Federal agencies include

participation in the Interagency Aircraft Noise Abatement Program,

where HUD chairs the Land Use/Airports Panel and the St_n_cture:; P_nel.
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Cool_iination and cooperation w_th other agencies on research efforts

is accomplished throu_l direeL communication between principals

responsible for research in the respective agencies. FurLher

coordination is provided through development and review of environ-

mental impact pursuant to Section 102(2)(c) of P.L. 91-190, National

Environmental Policy Act of 1969.

4. In-house technical capability consists of several professionals in

acoustics in HUD's research office and planning in HUD's Office of

Community Plannlng and Management. Consultants are used by Central

and field offices as required.

5. Proposed new efforts to upgrade noise abatement and control includes

a training session for all HUD personnel responsible for environmental

matters. The training program will assist in the implementation of

the Departmental policy 1390.2 by including instruction in the use of

site assessment procedures as well as in fundamental noise measurement

i instrumentsand procedures.

D. _hture Program Proposals and Ob,_ectives

_hture program proposals include development of better methodologies and

techniques for detez_nining community response to noise; improved

i, performance of structures; significant investigations of air rights

structures; economic and _ocial aspects of noise abatement and control

• related to HUD operating programs.

Z + ....... + ...... "+ -,c+ + _4'+++,+'_; + + _ _+++



U, S, DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT

•RANM,  AL I
NOTICE

1. This Notice transmits the followlng_: !
Departments.l Circular 1390.2, Nelse Abatement and Control: Depart- -,
mental Polley, ImplemenLatlon Responsibilities, and SLandards.

2. E_planation of Material Transmitted:
This Circular establishes noise exposure policies and standards to
be observed in the approval or disapproval of all HUD projects.
This Circular supersedes those portions of existing program reg%tlations
and guidance documents which have less demanding noise exposure
requirements. The Circular (see paragraph 3) calls for prompt
administrative actions both by Assistant Secretaries to incorporate
new noise policies and standards in their program regulations stud
ether central office instructions, and by Regional Administrators
to identify existing problem cases.

3. Filing Instructions:
Insert:
1390.2

i

i: i

i
d

UDE:DISTP/EBUTION: W-l, W-2 t W-3, W-4
R-l, R-2, R-3, R-L,, R-5



U.$, DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT

SUBJECT:
Noise Abatement and Control: DepartmentalPolicy,
ImolementationResDoq@Ibiliti_s1.ondStandards

I. PURPOSE AND AUTHORITY. It is the finding of the Departmentof Housing
and Urban Development (HUD)that noise is a major source of environ-
mental pollution which represents a threat to the serenity and quality
of life in populationcenters, Noise exposure may be a cause of adverse
physiologicalor psychologicaleffects as well as economic losses.
Accordingly,it is the purposeof Departmentalpolicy to call attention
to this threat, to encourage the control of noise at its source in
cooperationwith other Federaldepartmentsand agencies,to encourage
land utilizationpatternsfor housing and other municipalneeds that
will separate uncontrollablenoise sources from residentialand other
noise-sensltiveareas, and to prohibit HUD supportto new construction
on sites having unacceptablenoise exposures.

This circular thus provides policy to guide the exerciseof discretion
afforded in legislation on the various HUD programs. The circular is
based on authorityprovided ill:

a. The Department of Housingand Urban DevelopmentAct of 1965
(PL.89-174) which provides that the Secretarymay make such rules
and regulationsas may be necessary to carry out his functions,
powers, and duties, and sets forth, as a matterof national
purpose, the sound developmentof the Nation's communitiesand
netropo_itanareas;and

b, The National EnvlronmentalPolicy Act of 1969 (PL 97-]90) which
dlrects'FederalAgencies to develop procedures to carry out the
purposes of this Act.

2. POLICY

a. Foster Standardsand ConsumerProtection. It is HUD's general
' policy to fosterthe creationof controFs and standardsfor

'co,unity noise abatementand control by generalpurpose agencies
of State and local governments,and to support these activities
by minimum national standardsby which to protectcitlzens against
the encroachmentof noise into their cor_nunitiesand placesof
residence.

T
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(I) Planning assistance. IIUDrequires that noise exposures
and sources of noise be given adequate consideration as
an integral part of urban environments in connection
with all HUD programs which provide financial support to
planning. This consideration shall be of a form that
provides assurance that new housing and other noise
sensitive accommodations will not be planned for areas
whose current or projected noise exposures exceed the
standards cited herein. In this regard, HUD places
particular emphasis on the importance of compatible land
use planning in relation to airports, other general modes
of transportation, and other sources of high noise, and
supports the use of planning funds to explore ways of
reducing environmental noise to acceptable exposures by
use of appropriate methods. Reconnaissance studies,
and, where justifiable, studies in depth for noise
control and abatement will be considered allowable costs.

(2) New construction. HUD discourages the construction of
new dwelling units on sites which have, or are projected
to have, unacceptable noise exposures*, by withholding

: all formsof HUD's assistancefor such dwellingunits.
This policy applies also to college housing, group prac-
tice facilities, non-profit hospitals and nursing homes.

i (*Seeparagraph4, Standards).

(3) Existin9 construction (includin9 Rehabilitation), HUD
considers environmental noise exposure an important fac-
tor in determining the amounts of insurance and other
assistance. Within cost restrictions, including those
set by market forces, HUD encourages modernization

efforts for buildings in noisy environments when such
efforts improve the noise exposure environments without
substantially increasing the life of the structure.
When modernization or rehabilitation would substantially
increase the life expectancy of the structures, it is
HUD's policy to apply noise exposure standards closer to
those applicable to new construction.

(4) Grants and allowanmes_ HUD extends such assistance to
State _nd local governments for the alleviation of
community noise as may be provided for by the Congress
and as appropriate.

Page 2
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(5) Informationand guidance (Researchand publication).
HUD mainta_hs a continuing program designed to provide
new knowledge of noise abatement and control to public
and private bodies, to develop improved methods for
anticipating the encroachment of higher noise exposures
and to deal with this encroachment and to foster better
understanding of the consequences of noise. Dissemi-
nation will be made throughappropriate channels.

(6) Construction equipment, .buildinq equipment and a]_pliances.
HUD encourages the use of quieter _onstructi_en-6"t--
and methods in population centers, the use of quieter
equipment and appliances in buildings and the use of
appropriate noise abatement techniques in the design of
residential structures and other structures with poten-
tial noise problems. In appropriate circumstances, HUD
will allow certain additionalcosts for quieter construc-
tion equipment.

(7) Acoustical privacy in multifamily, dwellings.. HUD encour-
ages the use of buildino design and acoustical treatment
to afford acoustical privacy in multifamily dwellings.

(8) Advice and cooperation. HUD welcomes advice and counsel
on improved methods f_r dealing with the noise problem,
and encourages cooperation with other units of government
as well as with appropriate private and voluntary organi-
zations.

b. PromulRate MinimumStandards. It is HUD's further general
policy to promulgate minimum standards and guidelines with
respect to noise abatement and control, to utilize such stan-
dards and guidelines as a uniform national policy to guide HUD
program decisions, and to support appropriate existing policies
and standards of State and local governments designed for noise
control and abatement. In this regard, noise exposures will
be divided into three groupings (to be defined in "Standards"):

(l) acceptable

(2) discretionary
i --normallyacceptable

--normally unacceptable

(3) unacceptable

/

Page 3 8/71
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3. IMPLEMENTATION RESPONSIBILITIES

a. Assistant Secretaries. Each Assistant Secretary shall promptly
incorporate by reference the Departmental noise abatement and
control policy, standards and guidelines into appropriate regu-
lations, guidance documents, and adml,lSLraLive forms and pro-
cedures for programs under his jurisdiction, including guidance
for A-g5 notification and review. Further, each Assistant
Secretary shall evaluate the effects of. and compliance with,
Departmental policy, and identify program areas under his
jurisdiction in whicil additional noise control and abatement
standards or guidelines are needed.

b. Regional Administrators and Area and Insuring Office Directors

(1) One-time Report of Existin 9 Problem Cases. Using this
policy statement as a co,non interpretationof existing
HUD program policies, each Regional Administrator based
on surveys by Area and Insuring Office Directors, shall
identify active and pending applications in his region
which are problem cases. Any cases for which the Regional
Administrator intends to seek an exception action by the
Secretaryshould be forwardedto the Deputy Under Secre-
tary,.along with a draft Environmental Statement. This
should be accomplishedwithin 90 days of the effective
date of this policy•

(2) General Policy Implementation. Regional Administrators
and Area and Insuring Office Directors shall assure that
this policy and the prevailing standards and guidelines
are implemented in relation to all decisions and recom-
mendationstaken in their jurisdiction,effective from
the date of this policy, and that specializednoise
abatementand control policies now associatedwith indi-
vidual HUD programs are conscientiously enforced.

Page 4
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(a) E_to this policy, e.g., the approval of
actions in the range of unacceptablenoise exposures,
are stronglydiscouraged. Any exception to approve
sites with unacceptablenoise exposuresmust be
accompaniedby a Section 102(2)CEnvironmentalState-
merit (see para 3c below), and must be concurred in
by the Secretarywith the advice of the appropriate
Assistant Secretary. Such matters should be re-
ferred to HUD Headquarters in the earliest possible
stage in the decision process. After common inter-
pretation has been established, the possibility of
further delegation will be reviewed.

(b) Authority toApprove New Sites. Administratively,
decision'swith respect to proposedhousing sites
with clearly acceptable noise exposures should be
delegated to the lowestpossible levels within
field offices. Certain positive decisions to go
ahead with sites with intermediatenoise exposures
are to be concurred in by the Regional Administrator
(see para. 4b(1), The Regional Administrator
shall use his discretion, and if he is of the opinion
that an importantprecedentor issue of national
significanceis involved,he shall refer the case,
with recommendations,to the Secretary prior to
decision. (See also paras. 3c and 4c).

(c) Surveillanceof Noise ProblemAreas. Regional
Administrators,Area and InsuringOffice Directors
and all field personnel, as appropriate, shall
maintain surveillance on possible noise problem
areas and advise localofficialsand planning groups
of the unacceptabilityof sites for noise reasons
at the earliest possible time in the decision pro-
cess. Subsequent to the cleanup of backlog pursuant
to paragraph 3b(1) above, it is not anticipated

= that there will be a need to make exceptionsto
" thispolicyon thebasisthattheunacceptable
: siteshavebeen"inplanning"fornumerousyears.
!

Page 5
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(d) Assessments and Projections of Souhd Exposures. In
order to assure adherence to the guidelines and
standards, it is the further responsibility of each
Regional Administrator to require by appropriate
means assessment or authoritative measurement and
projections of sound exposures for at least five
years (and longer if, there is a factual basis),
with respect to applications and projects under
review. Recommendedmeasurement and procedures
will be provided in the issuance of each new stan-
dard or guideline.

(e) Notice to applicants. At the earliest possible
stage, HUDprogram administrators shall determine
the suitability of the acoustic environment of
proposed projects, and shall notify the applicant,
existing or prospective, of any adverse or question-
able situations.

(f) Interdepartmental Coordination. Regional Adminis-
trators shall :Fosterappropriate coordination with
other departments and agencies in the field, parti-
cularly the Environmental Protection Administration,
the Department of Transportation, military base
comnanders and the Veterans Administration. The
field offices of the Department of Transportation
should be consulted for data on existing and projected
noise in the vicinity of transportation media, includ-
ing airports.

c. Environmental Statements. Detailed Environmental Statements,
as defined by Section 102(2)C of PL 91-190 and implementing
guidelines of the Council on Environmental Quality and this
Department, shall be prepared to accompany any request for an
exception to this policy circular and its standards and to
accompany requests to approve those cases which fall into
discretionary noise exposures which are "normally unacceptable."
Final Environmental Statements shall be filed with the Council
on Environmental Quality 30 days prior to making decisions on
the exceptional cases.

d. Office of the Secretary. The Deputy Under Secretary in the
Office of the Secretary shall review and coordinate the
efforts under Assistant Secretaries, and provide Departmental
Evaluation of compliance with this policy.

Page 6
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4. STANDARDS.

a. Standards, incorporating both technical and policy considera-
tions, will be promulgated on the basis of review of the
nature of problem cases identified in the regions pursuant to
paragraph 3b(1) above, and advice from consultants, R&D
contracts as appropriate and further study by the Departmental
Working Group on Noise. Technical noise assessment manuals
may be issued by HUD to provide further guidance on noise
assessment and measurement to facilitate implementation of
this circular.

b. Interim Standards, The following interim standards are
established. In applying these interim standards, projected
noise exposures shall form the basis for decision. (See
Appendix Z for explanations of terms, definitions, and For'
background discussion.)

(I) External Noise Exposures: Sites for New Residential Co.nn-
i structionIsingleor multifamily__)

(See Chart, External Noise Exposure Standards for New
Construction Sites, on following page)

"[

].
_L

-? I
_t9
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CHART: EXTERNAL NOISE EXPOSURE STANDARDS FOR NEW CONSTRUCTION
SITES (Measurements and projections of noise exposures are to be
made at appropriate heights above site boundaries)

_ENERALEXTERNALEXPOSURES AIRPORTENVIRONS
dB(A) CNR ZONE*/ NEF ZONE */

UNACCEPTABLE
i

Exceeds 80 dB(A) 60 minutes i

per 24 hours 3 J C

Exceeds75 dB(A)8 hours I
per 24 hours I

(Exceptions are strongly discouraged and require a IO2(2)C
environmental statement and the Secretary's approval)

)ISCRETIONARY -- NORMALLY UNACCEPTABLE

Exceeds 65 dB(A) 8 hours per
24hours 2 B

Loud repetitive sounds on site

(Approvals require noise attenuation measures, the Regional
Administrator's concurrence and a I02(2)C environmental statement)

)ISCRETIONARY -- NORMALLY ACCEPTABLE

Does not exceed 65 dB(A) more than
8 hours per 24 hours

_CCEPTABLE

Does not exceed 45 dB(A) more than

30 minutesper24 hours l A

_ w_/ See Appendix i for explanations of Composite Noise Rating (CNR) and "

Noise_£xposure Forecast _NEP).

8/71 Page 8
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(2) Interior N.oiseExposures (for new and rehabilitated
residentialconstructionI.

(Note: the standards listed below are performance
standards. The means required for achievingthem will
depend on, among other things, the external'noiselevels,
the equipmentand layout used in the building,and the
noise attentuationcharacteristicsof the building's
floors and walls. These standardsassume openwindows
unless other provision is made for adequate ventilation.)

(a) "Acceptable":

SleepingQuarters. For the present time, HUD field
personnelsh6uld honsider existing and projected
noise exposure for sleeping quarters "acceptable"
if interior noise levels resulting from exterior
noise sources and interior building sources such
as heating, plumbing, and air conditioning

--do not exceed 55dO(A) for more than an accumulation
of 60 minutes in any 24-hour period, and

--do not exceed 45dB(A) for more than 30 minutes
during night time sleeping hours from II p.m. to
7 a.m., and

--do not exceed 45dB(A) for more than an accumulation
of eight hours in any 24-hour day.

Other Interior Areas. HUB personnel should exercise
' discretionand judgement as to Interiorareas other

than those used for sleeping. Considerationshould
be given to the characteristicsof the noise, the
duration, time of day, and planned use of the area.

(3) .InsulationBetween Dwelling Units

. (a) "Unacceptable"

.! For multifamily structures,includingattacned
: single family units, floors and dividing walls

between dwelling units having Sound Transmission
: Class (STC) of less than 45 are always unacceptable.

, |i, j
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(4) Other land uses and existin9 housinR. Until HUD estab-
lishes a broader range of noise exposure standards, HUD
administrationat all levelsshall take noise into
consideration in the development of policies and guide-
lines and in the review and decisions on specific projects.
Wherever feasible, standards along the lines of the above
shall be employed in a manner consistent with proposed
uses, densities and construction types.

c. Philosophy in Application of Standards, HUD personnel in the
exercise of discretion should be guidedby a desire to prevent
noise problems from coming into being and by an overall philos-
ophy of encouraging the control of noise at its source, Parti-
cular attention should be paid to fostering land utilization
patterns for housing and other municipal needs that will
separate uncontrollable noise sources from residential and
other noise-sensitive areas. HUD personnel should encourage
use of the A-95 notification and reviewprocesses to detect
potential noise problems as early as possible.

Richard C. Van Dusen
Acting Secretary

Page I0
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Appendix 1

APPENDIX l, EXPLANATIONOF TERMS, DEFINITIONSAND ADDITIONAL BACK-
GROUND

I. Measurementand Noise Assessment Procedures. Technicaldefinitions
of acousticalterminologyshall be those contained in the related
current documents of the American National StandardsInstitute
(ANSI)and the American Society for Testing and Materials (ASTM).
There has been a proliferationof concepts and mathematical tech-
niques relating to sound and human response to sound. Fundamental
to most all noise assessmentprocedures are the physical measure-
meritof sound pressure and the concept of a level expressed in
decibels. (See Appendix 2,)

a. Sound Pressure Level Expressed in Decibels. Noise ("unwanted
sound"l affects the human ear through physical changes in
sound pressure superimposed on the static atmospheric pressure
in the presence of sound. Sound pressure has units of force
per unit area.

When a sound level meter is used, Sound Pressure Level can be
determinedand expressedin decibels, dB. In thTs case, the
deci6el is a logarithmicvalue which is referencedto the
f-_Tntestsound pressure detectable by the human ear. Those
requir.in9a more precisedefinition or understandingof these
terms are referred to the forthcomingHUD noise assessment
manuals for further discussion.

.... Zn this circular,the decibel values, dB(A), are for those
sound levelsmeasured using the A-weightingnetwork of a
standardizedsound level meter. The A-welghtingnetworkmost
closely approximatesthe response of the human ear to noise.

Relatively inexpensiveand portable metering equipment is
available for purchase or, in some cases, rental.Some of
the portablemetering equipment also permitsthe accumulation
of time for which the noise level at the site exceeds a given
decibel setting. Sound level meters shall conform to the
spec';ficatlonsset forth in the appropriatedocuments of the
American National Standards Institute.

The sound level meter is useful for measuringsteady state or
persistent noise and for identifyingmaximum sounds of inter-
mittent noise. The A-welghted sound level,dB(A), has also
been used as a first approximation in characterizingtranspor-
tlon noise. More sopbisiticatedevaluationsof alecraft
noise include some modificationswhich consider additionalfactors
and are expressedas perceived noise in decibels such as PNdB
or EPNdB, These refinementsare discussedat greater length
in the HUD noise assessment manuals.

: Page I 8/71
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b. Noise Exposure. "Noiseexposure"as used in this circular is
generally a combination of a noise level in decibels and a
time duration for that noise level. For example, sites where
existingand prolongednoise exposuresdo not exceed 45 dB(A)
for more than 30 minutes in any 2_l-hourperiod are acceptable.

c. Composite Noise Ratinq (CNR). The CNR is a calculated rating
for aircraft noise based on maximum sound pressure levels
during a flyover, frequency of occurrence,time of day and
other variables. It has been adopted by the Federal Aviation
Administration(FAA)to describe the noise produced by aircraft
operations in the vicinity of airports. In FAA usage, the
CNR takes into account the magnitudeof the sounds of individ-
ual aircraft types, the number of operationsof each type on
each runway, and the time of day. The numerical value of CNR
is relatedto an expected range of community response.

The FAA has calculatedCNR's for a numberof domestic airports,
and has divided CNR's into three zones -- correspondingto
our acceptablediscretionary,and unacceptable,respectively --
accordingto the expected communityresponse,as shown in the
followingchart:

Cht.I (or [iflmatlng _©tp_nta o# t_sfcCvnll,Jl CDn_mun[llt, rlon_ Coml;o;ft0 #_DIIO RtzlIng.

Composill %'ofs_ T(ali*l 9

Zot_e Deacr_lff_oll o.f l]zpe¢led']_cJlmFl_C
T_tl:4"oU_ and RI(.Tep_

]_ndi.ps

I_e_s thal_ Le_ th_n 1 f_ssenti,_l] b' no conlplaU_ts wotad be expected. 'r|m
100 SO y,however,interfereoeca..ionaUywith celt_iu

,_©tivili_softhe rrs;Uents.

lO0to 115 I_Oto 9,_ 2 InUiv;dual_m_y cmnplafn,perlmpsvi_orou_ly. Cot_.

__Icer|¢*ll;roupactionispos-'ibI'_i

_realcr turn Orcalertl,m_ 3 Ina;vidu.Ire.etlo._wouhl1;I(,1)"inehlacIeDe_led , vI_or-
115 95 pl_;nt_. {_neertea i'£roup:_etlui,_t_i_htbe ex-

Nhen adviceand guidance are requiredin the analysla of
property sites in the vicinity of military airports,the
requestfor existing data and projectionsshould be made
initiallyto the Commanderof the military base and subse-
quentlyto his designee.

Page 2
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Appendix 1

Definition and Calculationof Noise Exposure Forecasts (NEF)
or Composite Noise Ratings (CNR) shall be in accordance with
the current DDT-FAA practices.

d. Noise ExposureForecasts (NEF). The NEF is a calculated
environmental rating Which Fegines and replaces 'theCNR
calculations for aircraft by including corrections for the
presence of pure tone and dtlrationof peak levelswithin
the compositeof intermittentnoise. As currentlyused, it
i_as validity only for airports.

The Departmentof Transportation(DOT) is converting from CNR
to Noise Exposure Forecasts (NEF's). DOT has a contract for
the calculation of NEF's at some 29 commercial and general
aviation airports, and will soon have an intramural capability
for producing NEF's for any civil aviation airport., The new
NEF ratings for areas around commercial airports should be
sought through FAA Airport Regional Offices.*_/

The followingcategoriescorrespond roughly to the categories
of community respensecalculated originally for CNR's (see
above).

Noise Exposure Forecasts

Category Ratin_ Dispositionin HUD

A lessthan30 Acceptable

B 30to40 'Discretionary

C morethan40 'Unacceptable

For data on anticipatednoise levels in the vicinity of mili-
tary airports, the request should be made initiallyto the
Commander of the base and subsequently with his designee.

_/ Until December 31, I971"_-TBt-erimrequests for NEF's should be made
_: directlyto FAA's Officeof EnvironmentalQuality (AttentionEQ-I,
==: Washington,D. C. 20590. Requestsshould be limited to applicants'
i siteswithinaboutthreemilesof a runwayduringthis period.

I
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e. Sound TransmissionClass (STC) is a single-numberratingwhich
provides an estimate of sound transmissionloss performance
of a wall or floor as related to airborne sound generated by
a limited class of householdsound sources. The higher the
number the better the performance.

2. Concepts Relatin.qto Adverse Consequencesof Noise. Noise is
objectionablefor commonsensereasons because it destroys the
serenityof one's environment. Beyond that there are a number of
specific concepts or ideas relating to noise. Currentresearch
efforts are directed toward establishingfirm findingsabout
certain noise phenomenaand their consequences.

a. General Hearing Loss or Damage. High intensitynoises even
of relativelyshort duration_uch as blasts or explosions
are known to have destroyedor severely limitedthe hearing
sense. Moreover,highly amplified rock-and-rollmusic, sports
shooting,and other recreationaluses might producesound levels
capable of producinghearing loss especially if exposuresare
prolongedor recurrent. Continuing exposuresto levels exceed-
ing lOOdB(A) lead to temporaryand, eventually,to permanent
hearing loss.

b. hnpairedHearin.qfor Speech Communication. Prolongedexposure
to less intensivenoise is known to impair hearing of speech
colmlunicatlons.The following table shows the hearing impair-
ment resultingfrom 8-hour exposures to industrialnoise over
a long period.

r-" r-r-! i-1
ii,_r,-...I':_:', j,c, nt ,.. ] I '
ill(l[=_tcS Oh th_ ver.

, I
_'r.% I ¢_* j{15_:d CaI_.

Io Ihe _J.w_lshlrU _'_, , , 7".

_olllld te_'_.][nd_cal_I I • ! c * **

(,I, ,hc |,uUzonl'd LU__.,_.J_:._T_.J

m
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c. Speech Interference Levels. Background noise above certain
levels interferes with one's ability to understand oral
communication. The following figure illustrates some current
knowledge of this phenmnenon.

Figure 2 - Voice level and distance between talker and
listener for satisfactory face-to-face speech
communications as limited by ambient noise. Along
the abscissa is the A-weighted sound level meter
reading (dD(A)).

(51L-Past, Present, and Future, J. C. IVebster,
Sound and Vibration, August, Ig69)

: d. Sl%ep Interference. Knowledge is less firm in this area and
a series of qualifications ia associated with many of the

_.: findings, including significant individual difference and
.'. becoming inuredto certain noise levels (perhaps by hearing

loss). Nevertheless, "sleep interference" would seem to
i
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have an important impact on the ability of the resident to
achieve rest and enjoy his leisure, and hence must be
considered.

e. Nervousness _n_ Tension. There is a growing concern that
exposure to the hlghez noise levels of the city might
contribute ta nervous disorders and tensions, but Lhe

findings are still inconclusive.

8/71 Page 6
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Appendix 2

APPENDIX 2. SOUND LEVELS FOR COMMON NOISES

(Non-technical table for general perspective and background)

dBIAI

JETPLANE,i00FT.AWAY 130
PNEL_TIC RIVERTER

ROCKMUSICWITHAMPLIFI_ 120
THRE_0LD OF FEELING PAIN

THUNDEr; DANGER OF PF_MANENT HEA._ING LOSS ii0

INTERNAL COMBUSTION AIRSRAFT ENGINE, 15 FT. AWAY
BOILERmOP; POWERMOWER i00
SUBWAY TRAIN PASSING STATION

ORCHESTRAL CRESCENDO, 25 FT. AWAY; NOISY KITCHEN 90
CITY TRAFFIC (inside car); PNEUMATIC DRILL, 20 FT. AWAY
PERSISTENT NOISE IMPAIRS HEARING FOR SPEECH COMMUNICATION 80

(s5 _ROIB_S)
BUSY ST_F_ET
INTERIOROF DEPARTMENTSTORE 70
AUTOMOBILE (AVERAGE) AT 35 to 40 M.P.H.

ORDINARY GONVERSATION, 3 FT. AWAY 60
VACUUM CLEANER, 3 FT. AWAY
QUIETAUTOMOBILEAT LOWSPEED 50

AVERAGEOFFICE 4O
QUIET OFFICE
CITYRESIDENCE 30

QUIET COUNTRY RESIDENCE 20
WHISPER, 5 FT. AWAY
RUSTLEOFLEAVES l0

THRE_0LDOFHEARING 0

Sound levels can be measured with a mater and expressed in decibels.
When used this way, the decibel is based on a comparison with the

i_ faintest sound that can be heard. The decibelecale is logarithmic;
decibel levels cannot be added arithmetically. (See Appendix 1 and
HUD noise assessment manuals for further discusslon.)
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U.S. DEPARTMENT OF LABOR _,,x_,NF__
OFPlcB oF TIIP. A_SHTANT 8_I_CREtT._RYFOR AnMIN_ST_A'nON I_ _%_

WASHINGTON. D.C. 20210 _j

SEP3 1971

Dr. Alvin F. Meyer, Jr.
Director

Office of Noise Abatement and Control

Environmental Porteotion Agency

1835 K Street, N. W.

Washington, D. C. 20006

Dear Dr. Meyer:

Your letter of July 30, _971 to Mr. W. Scott Railton, requesting

information regarding Department of Labor noise programs has been

referred to me for reply.

The nature of the work performed by the Department does not, for the

most part_ result in objectionable noise, therefore, it has never

had a noise control program. Noise control surveys have been

conducted as part of regular safety inspections upon request of the

Department safety officer. Rare noise complaints have been responded

to wltb surveys, recommendations, and corrective action.

YOu have advised that we will be requested to conduct a survey to

determine whether any of our activities are producing objectionable

noise. Such a survey will be conducted upon receipt of the formal

request and the survey guidelines.

Sincerely,

A__t

F

ary

fo_dm_a_l'atratlon



U.S. DEPARTMENT OF LABOR a,'_*_ro_.-_¢_"

Occupational Safecy and Heahh Administration ,_'_" _¢ _'_

VCASHINGTON,D.C. 20._]0 _j

October 22, 1971

-M-_.L. Justice
Office of Noise Abatement and Control

Environmental Protection Agency

Washlngtonj D. C. 20460

Dear Mr. Justice:

In reply to your recent inquiries on noise control activities, we offer
the following information about our compliance activities.

i. Our first noise Standard was published Mny 20, 1969 in the Federal

Register. These were the Walsh-Healey Standards for Federal Supply
Contracts over $10,000. Our standards covered many items of safety
and health in addition to noise exposure.

2. 0n May 29, 1971, the U.S. Department of Labor's 0ccupational Safety
and Health Administration published the Safety and Health Standards

under the Willlams-Stelger Occupational Safety and Health Act of

1970 (copy enclosed). These standards for noise are essentially
the same as under the Walsh-IIealey Standards of _my 20, 1969.

3. I am enclosing a copy of our Bulletin 334 on "Guidelines to the
Department of Labor's Occupational Noise Standards." It explains
what we mean by "a continuing effective hea_ing conservation

program."

4. We are working to get our field staff of compliance officers

equipped Co measure noise in workplaces. It is anticipated that
we will have about 450 sound level meters in use early in 1972.

5. Our efforts on noise measurement and correction have been extensive

since May 29, 1969. We have trained 70 of our key safety engineers

and supervisors with the help of the Public Health Service and we
plan to train others as time and facilities permit.

_ _._., ,_ ............. _. _...................... _...L.__.i,......... • _._.
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6. A number of firms have already been cited for violating our noise
requirements. Much progress has been made in noisey plants

throughout tile country. _le impact of our regulations has been
felg far and wide as evidenced by the demand for speakers and by
ghe fact that noise control and evaluation has been a favorite

subject of many meetings and seminars.

Sincerelys

Charles R. MoClure

Supervisory Industrial Hygienist
Office of Compliance Evaluation

Enclosures

:!;!

f_



Bulletin 334
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Guidelines To

The Department of Labor's

Occupational Noise Standards
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::i U.S. DEPARTMENT OF LABOR
OCCUPATIONALSAFETY
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GUIDELINES TO

THE DEPARTMENT OF LABOR'S

OCCUPATIONAL NOISE STANDARDS

Introduction

Noise has long been recognized as a cause of occupational loss of hearing.

Some companies have for many years taken steps to reduce noise levels and

the exposure of their employees to them. In promulgating noise standards

under the Welsh-Healey Public Contracts Act, the Department of Labor

merely made mandatory minimum standards which have proved both practical

and effective in preventing hearing less in many plants.

Measurement, control, and protection against noise is a somewhat technical

subject and one with which plant management, which is responsible for the

enforcement of safety regulations, may not he famillar. Therefore, this

paper:

First, explains the terms used in section 50-204.10 and later

in section 1910.95 of the Ooaupatlonal Safety and Health Standards,

as amended and first published in the Federal Register on M_y 20, 1969.

Second, explains Just what is expected of the employer in order

to be in compliance with the requirements.

Third, specifies certain instruments, equipment, and procedures

which will be acceptable as a basis for Judging compliance.

These latter points are of particular interest to technical

personnel, either at the plant or engaged on a consultative

basis, to assist them in developing and carrying out the

required controls and procedures.

This paper is equally applicable to employers currently covered by the
McNamara-O'Hara Service Contract Act and by the Willlame-Stelger

Occupational Safety and Health Act of 1970.

Determlnln_ Sound Level Exposures i and Permlssible Limits

Basically, section 50-204.10 and section 1910.95 set maximum permissible
noise levels and exposures, and explaie the types of eorrec=ive action
whleh must be taken if these noise levels are exceeded.

Paragraph (a) of this section states:

"(a) Protection against the effects of noise exposure shall

be provided when the sound levels exceed those shown in Table I
of this section when measured on the A scale of a standard

sound level meter at slow response . . . ."



-2-

Loss of hearing occurs as a result of the cumulative effect of exposure to
sound above a maximum intensity and over a maximum duration in a given period

of time. For the purpose of this standard, the basic permissible intensity
is 90 dBA for a duration of 8 hours out of a day. The amount of sound energy
absorbed during such an exposure is considered to be the upper limit of a
daily dose which will not produce disabling loss of hearing in more than
20 percent of the exposed population.

Table I indicates the duration of exposure to higher sound in_ensitles which

will result in no more damage to hearing than produced by 8 hours at 90 dBA.
Employees muse not be exposed to steady sound levels above if5 dBA, regardless
of the duration.

TABLE I

PERMISSIBLE NOISE EXPOSURES _/

Sound

Duration per level
day, hours dBA slow

8 ...................................... 90

6 ...................................... 92

3 -------------------------------------- 97
2 ...................................... i00

1% ...................................... log
i ...................................... io5
% ...................................... if0
% Or less ............................... i15

!/ When the daily noise exposure is
composed of two or more periods Of _oise
exposure at different lavel:, their combined
effect should be considered, rather than =he
individual effect of each. If the sum of

the following fractions: Cl/T1 + C2/T2.
• .Cn/Tn exceeds unlty_ then, the mixed

exposure should be considered to exceed the
, limit value• Cn indicates the total =ime

o_ exposure at a specified noise level, and

!_ Tn indicates the total time of exposure
i permitted at that level.

ii

i

i



-3-

_he abbreviation dB in the right-hand column of the table stands for

decibels, the unit of measurement of sound lavels. The A scale is one of

several on the sound level meter, a measuring instrument used to determine

sound intensity. On this scale, the instrument reacts in much the same

way as does the human ear in that it is much less responsive to low pitched

tones than to those of higher pitch. The "slow" response is another set-

ting of the instrument which causes it to average out high level noises of

brief duration (snch as hammering), rather than responding to the individual

impact noises.

It is important to note that decibels are measured on a logarithmic rather

than a linear scale. Every increase of 10 dB represents an increase of

approximately 300 percent in sound pressure. A i00 dB noise is, therefore,
3 times as intense as a 90 dB noise, rather than about i0 percent more

intense , as might be expected. Illustrated another way, if one machine

produces a sound level of 90 dB, a second machine of the same kind placed

next to it will result in a combined noise level of 93 dB, rather than

180 dB, which might be expected.

Exposures at Different Sound Levels

The footnote to Table I describes the method by which several separate

exposures to different sound levels during a day are to be treated in

determining whether or not the combined exposure is within permissible
limits.

"i_ i;san illustration, assume that an employee works most of the day in an

area in which the sound level is 90 dBA, but for 15 minutes out of each of

7 hoursj he is in an area of 100 dBA, and for one 15-mlnute period each

day, he is in an area of 105 dBA.

i This adds up _o 6 hours at 90 dBA: permissible duration of exposure,
8 hours; 1-3/4 hours at 100 dBA: permissible exposure,_2 hours; and I/4

hour at 105 dBA: permissible exposure, i hour. Tabulating it, we have:

Actual Time Permissible Time

dBA .C T

(hours) (hours)

90 6. B

i00 1 3/4 2

105 i/4 i

I
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Putting these values into an equation, we get:

8 2 18888

Since this total exceeds unity, the daily exposure is abeve the permissible
limit, even though the total exposure at each sound level is below the
permissible duration for that level.

No matter how briefly a person is exposed to higher sound pressure levels_
if he spends the remainder of the day at a level of 90 dBA, his exposure

w-Ill exceed the permissible limit. 0ely by being in an area having a sound
level well below 90 dBA can his exposure to higher levels be compensated.

Assuming that The 6 hours are spent in areas of relatively low sound pressure

levels, are the two exposures to higher levels permissible?

The equation becomes:

1.75 + O.25 . 1.75 + 0.50 . 2.25 or 1.125. This is still greater then
2 i 2 2

unity and, therefore, not permissible. Either the exposure to the i00 dBA
level would have to be reduced to 1.5 hours or the exposure to the 105 dBA
level tO 0.125 hours or 7 1/2 minutes in order not to exceed the permissible

_otal exposure.

_+ 0,25 . 2.0 . i or 1,75 + 0.I_5 . 2.0 . li 2 2 1 2

Impulse or Impact Noise

The last sentence of sections 50-204.10 and 1910.95 s_e_es:

"Exposure to impulsive or impact noise should not exceed
140 dB peak sound pressure level."

This sets the upper limi_ of sound level to which a person should be
exposed, regardless of the brevity of the exposure,

In contrast wi=h the 115 dBA upper limit for steady noise, the higher
intensity for Impact noise is pezmlesible because _he noise impulse
rssul_In 8 from impacts, llke hammer blew_ or explosive processes, le
pas_ before the ear has tlm_ to react fully. Impact noise levels are

_o be measured only with an impact mater or an oscilloscope.

i

2_



-5-

Convertin_ Octavo Band Analyzer ReadinKs

Many plants have done a great deal of noise control work based on
measurements taken with the type of instrument that measures _he sound
level at each of a number of frequencies, or pitches, of _he sounds

produced rather than the overall total noise, as measured by the sound
level meter. A eha_t is provided in the regulations to permit readings
obtained from an oc£ave hand analyzer to be converted to corresponding
values as indicated in Table I.

Sections 50-204.10 end 1910.95, paragraph (a), second sentence, state:

When _tolse levels at@ determined by ocEave band analysis, Khe
equivalent A-weighted sound level may be determined as follows:

140

130 ,\\
t120

ZullO o

z oo . --_ loo

30' ' '
100 200 500 1000 2000 4000 8000

BAND CENTER FREQU_ENCY IN CYCLES PER SECOND

Equivalent sound level contours. Octave bend sound pressure
levels may be converted to the equivalent A-weighted sound
level by plotting them on this greph e_d eo=ing khe A-

weighted sound level corresponding to =he point of highest
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penetration into the sound level contours. This equivalent

A-weighted sound level, which may differ from the actual

A-weighted sound level of the noise, is used to determine

j exposure limits from Tib!e I.

The above graph illustrates in a general way what was said previously about

the response of a sound level meter working on Khe A scale. It minimizes,

as does the ear, Khe low frequency sounds and emphasizes, as does the ear,

the high frequency sound. Thus, a 90 dB reading on the A scale may include

as high as 105 dB at 125 cycles per second, but would accept no more than

89 dB at 2,000 and 4,000 cycles per second.

To illustrate use of the graph in converting octave band readings into A-scale

sound level meter readings, two sets of values of octave band readings have

been plotted. The series numbered 1 shows readings at or below the 90 dBA

curve, except at 2,000 cycles per second, where the reading falls on the
95 dBA curve. In this case, the sound level for use of Table I should be

taken as 95 dBA. In the series marked 2, all the readings are below the
i00 dBA curve, except at 1,000 cycles, where the reading is just on the
curve. One hundred dBA would therefore be the value to be used in Table I.

As noted in the explanation of the graph, the actual sound levels measured

with a sound level meter on the A scale may differ somewhat from the values

determined by plotting the readings from an octave band analyzer on the

graph. These differences, for most sounds, are of the same order of magni-

tude as the errors to be expected in the measurement and are not important.

The intention was to provide a simple and relatively accurate means of

conversion from one system of measurement to another to accommodate existing,

effective plantwlde programs.

Varlahle Noises

Sections 50-204.10 and 1910.95 state the final consideration in

de=ermlnlng whether or not a permissible sound level is being exceeded:

"If =he variatlon_ in noise level involve maxima at intervals

of 1 second or 19ss, it is to be considered continuous."

This means that where, the sound level meter on the A scale at slow response

moves up from a generally steady reading, say from 88 to 92 4B, a_ intervals

of one second or less, the high reading shall be taken as that to be used in

i: Table _.

As a corollary to this, intermittent sounds of brief duration at intervals

greater than one second should, as far as practical, be measured as to

intensity and duration and the _otal duration ever a day be ascertained.
i This total should be entered in the equation given in footnote !/, Table I,

- i

i

[

. !
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to determine the permissible limit. These intermittent sounds, which can

be measured with a sound level meter, should net be confused with impulse
sounds of very short duration resulting from impacts or explosions.

L

Control Measures

Paragraph (b) of sec=ions 50-204.10 and 1910.95 refer to control measures
to be taken:

"(b) When employees are subjected to sound exceeding those
listed in the Table of Permissible Noise Exposures, feasible

administrative or engineering controls shall be u=ilized . .
fl

The Department of Labor considers "feasible" to mean the following, as
stated in the Oxford English and Merrlam-Webster Dictionaries: "Capable
of being done, accomplished or carried our; capable of being dealt with
successfully."

Ensineerin 8 Noise Control Measures

Engineering controls are those which reduce the sound intensity either at
the source of the noise or in the hearing zone of the workers.

The following are examples:

A. Maintenance

I. Replacement or adjustment of worn and loose or unbalanced

parts of machines.

2. Lubrication of machine parts and use of cutting oils.
3. Properly shaped and sharpened euttlng tools.

B. Substitution of Machines

i. Larger, slower machines for smaller, faster _nes.
2. Step dies for single operation dies.
3. Presses for bnmmers.

4. Rotating shears for square shears.
5. Hydraulic for meehanlcal presses.
6. Belt drives for gears.

C. Substitution of Processes

i. Compression for impact riveting.
2. Welding for riveting.
3. Hot for cold working.
4. Pressing for rolling or forging.
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D. Vibration Dampening

i. Increase mass.

2. Increase stiffness.

3. Use rubber or plastic bumpers or cushions.

4. Change size to change resonance frequency.

E. Reducing Sound Transmission Through Solids

i. Flexible mountings.

2. Flexible sections in pipe runs.

3. Flexible shaft couplings.

4. Fabric sections in duets.

5. Resilient flooring.

F. Reducing Sound Produced by Fluid Flow

i. Intake and exhaust mufflers.

2. Fan blades designed to reduce turbulence.

3. Large, low speed fans for smeller, high speed fans.

G. Include Noise Level Specifications When Ordering New

Equipment

H, Isolating Noise Sources

i. Completely enclose individual machines.
2. Use baffles.

3. Confine high noise machines to insulated room•

_. Isolating Operator I

Provide a relatively sound-proof booth for the operator
or attendant of one or more machines.

Controlling noise at the source, as illustrated by A through HI, is the

ideal means of preventing noise induced hearing loss. The results are
relatively long lasting; the operator of the individual machine is protected,

as well as those employees at a distance from it, and there is no need for

wearing protective equipment or following prescribed schedules of exposure.
: The measures listed under H2, H3, and I will, if effective, limit the number

i of persons exposed to high noise levels, but are unlikely to protect operators
i and those close to the noise sources.

A number of the listed controls can be accomplished quite inexpensively by

plant personnel. Others require considerable expense and highly specialized

! technical Irnowledge to ensure the expected results. It is therefore strongly

Ee_ommended that plants avail themselves of the services of competent
i acoustical engineers in planning and carrying out their noise control programs,

!

i
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"he Department of Labor expects employers 60 explore the possibility and

_racticability of controlling noise by engineering and to take all feasible

measures before resorting to use of administrative controls or of personal

protective equipment.

Administrative Cgntrol_ _

If noise cannot be reduced to permissible intensities through engineering

controls, administrative controls should be developed in order to limit
duration of workers' exposure to noise levels above 90 dBA to the times

shown in the Table of Permissible Noise Exposures.

The following are examples:

i. Arrange work schedules so that employees working the

major portion of a day at or very close to =he 90 dBA

limit are not exposed to higher noise levels.

2. Ensure that employees who have reached the upper limit

of duration for a high noise level, in accordance with

Table I, work the remainder of the day in an environment
with a noise level well below 90 dBA.

3. Where the man-hours required for a job exceed the permissible

time for one man in one day for the existing sound level,

divide the work among two, three_ or as msny men as are needed,

either successively or together, to keep individual noise

exposure within permissible time limits.

4. If lees than full-time production of a noisy machine is

needed, arrange to run it a portion of each dayj rather

khan all day for part of the week.

5. Perform occasional h_gh level noise producing operations

at night or at other times when a minimum number of

employees will be exposed.

Measures such as these can often be instiEu_ed at little cost or effort,

simply by introducing noise exposure as a factor in productioa planning.

While not as satlsfaotory as controlling noise a= its sources, administra-

tive control measures are more easily enforced, than is the requirement to

wear personal protective equipment. For this reason it is preferred.



-i0-

Personal Protective Equipment

When engineering and administrative controls fail to bring noise levels or

duration of exposure to them below permissible levels, the use of personal

protective equipment is required, as stated in the second sentence of

paragraph (b), sections 50-204.10 and 1910.95:

"If such controls fail to reduce sound levels wi_hln the

levels of the table, personal protective equipment shall
be provided and used to reduce sound levels within the

levels of the table."

The usa of personal protective equipment is considered by the Department

to be an interim measure while engineering and administrative controls are

being perfected. There will be very few eases in which the use of this

equipment will be acceptable as a permanent solution to noise problems.

Some methods of control, such as providing an isolation booth for operators,

or conducting noisy operations when few employees are in the plant, may

require use of personal protective equipment by the operator when he must
emerge from his booth to make adJustments, or by those few employees who

carry on the noisy operation.

In addltlon_ the regulations require both provision and use of personal

proteetlva equipment. How the latter is accomplished is up to the employer.
The Department rocommends, however, that an educational and promotional

program precede initiation of required use of such equipment, and continue

as long as necessary to achieve 100-percent acceptance by employees. In

the absence of an observable high proportion of use, the Department would

consider the lack of a training and promotional program as constituting a

violation of.the regulation.

Selection of Personal Protective Equipment

Cotton stuffed in the ears has little value and will not be accepted by the

Department, because of the relatively small attenuation (reduction of noise

level) and _he care which must be taken in using it.

Fine glass wool can be used instead of cotton, because the attenuation which

.. can ba achieved is very good. It is an acceptable p_otectlve device.

Wax impregnated cotton, when properly inserted in the ear, provides

proteetloe equivalent to that provldad by plugs or muffs. If supervisors

can assure that this material is properly used and fresh material is

provided daily, then this type of ear protection would be acceptable.

[
• [

ii
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properly fitted earplugs are essentially equal in attenuating ability re

ear muffs; either is acceptable to the Department. Plugs are ieexpensive

hut must be fitted to the individual. In addition, plugs, and any other

type of protector inserted into the ear, must be issued by a trained person

under the direction of a physician or by the physician himself. Frequent

checks must be made to see that the plugs are being properly inserted.

Ear muffs, though relatively expensive, may be issued by any designated

person in the plant, as the only fitting required is adjustment of the head

band. This makes it very easy for the supervisor to check on proper use of

the muffs. Long hair and spectacle or goggle temples will interfere with

the seal made by the cushioned edges of =he muffs and will correspondingly

reduce th_ actual attenuation, as stared by the manufncturer,

Regardless of =he type of ear proteutor decided upon, its attenuation, as

stated by the manufacturer, must be sufficient to reduce the noise level

in the worker's ear to the level and for the duration prescribed in Table I.

The manufasturer's stated values are determined under ideal conditions, and,

therefore, as a precaution, it is wise to assume that the attenuation actually

attained in use in the shop will be at least 5 dB less than the stated value,

Only those ear protectors which have been tested in accordance with ANSI

standard Z24.22-1957, "Method for Measurement of the Real-Ear Attenuation

of Ear Protectors at Threshold," are acceptable to the Department.

The Department strongly recommends that any employee who is exposed to high

sound levels and requests ear protection be provided with it, even if the

duration of exposure is within the limits prescribed by Table I.

Heerin_ Conservation Program

Sections 50-204.10 and 1910.95 conclude:

'Jln all cases where the sound levels exceed the values

shown herein, a continuing_ effective hearing conservation

program shall be admlnlster6d."

Therefore, where the sound level in a working area has not been reduced

to 90 dBA or below by engineering means, and reliance must be placed on

administrative controls to'limit duration of exposure, or on ear protection

to reduce the sound level actually reaching the ear, a hearing conservation

program is required. The program will be applied to all those employees

whose work brings them either steadily or infrequently into areas in which
sound levels exceed 90 dBA,
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Definitions

"Continuing" means that the program will be in effect and in use as long

as noise levels above 90 dBA occur in the plant.

"Effective" means that exposed employees will not suffer continuing

deterioration of hearing acuity because of their exposure, but that incipi-

ent loss of hearing will be detected and necessary steps taken to prevent

further deterioration before serious hearing loss has occurred.

In a broad sense, "hearing conservation" covers the entire range of actions

required by sections 50-204.10 and 1910.95. As used here, however, it refers

to audiometry--periodie checks on the hearing ability of individual employ-

ees; and noise surveys--periodic checks of the noise level in the areas in

which employees are working.

Audiometry

Audlometric tests will be made of all individuals working regularly or

o_requently in areas in which the noise level is above 90 dBA. The
purpose

f these tests is to assure that administrative controls in use or ear

protection devices provided are being adhered to or properly used and are

effective in preventing loss of hearing from the noise levels encountered.

Audlometric tests may be made as frequently as specified by the plant's

regular or consulting physiciaa, but only under very special conditions

shall they be made less than once a year.

The tests may be made in a doctor's office or elsewhere outside the plant,

providing the test facilities, techniques, and records are equal to or

exceed the minimum requirements described below.

i. Test Facilities and Procedures

The test booth or room shall meet criteria of ANSI standard $3.1-1960

(or la=est),"Standard for Background Noise in Audiometrlc Rooms" for

testing to a minimum level of i0 dB on the _SO 1964 audiometrlc
scale.

I

:; The booth or room may be either prefabricated or locally built.

Doors, gaskets, and other parts of the room or booth which may

deteriorate, warp, or crack shall be carefully inspected periodl-

, cally and necessary repairs or replacements made at once to ensure

that successive audiometrie tests of each individual are directly

comparable and will give a true evaluation of the individual's

hearing ability.

i:!

!
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The operator of the audiometer should b0 positioned outside the room

or booth but able to see the interior through a window. The person

being tested must face away from the operator and the audiometer to

ensure that all his responses are based on sound signals alone.

The test shall consist of an air conduction octave band analysis,

as described in ANSI standard $3.1, and shall include, at least,

500, 1,000, 2,000, and 4jO00 Hz.

The audiometrlc tests shall he made by a person trained and skilled

in audiometric tesLing.

2. Audiometers

The audiometer used to make these tests shall meet the specifications

for limited range, pure tone audiometers in ANSI standard $3.6-1969,

"Specifications for Audiometers."

The audiometer shall have a certificate of calibration before it

is placed in use, and shall be recallbrated each year thereafter.

This calibration shall check both frequency and intensity at each
setting, rise time and overshoot, and electrical and mechanical

integrity. A current certificate attesting to such calibration

shall be readily available for inspection by the Department of
Labor.

On the audiometer shall he a statement indicating whether it is
calibrated to ASA 1951 values or to the current American National

Standard, which is identieal to the ISO 1964 standard.

The audiometer shall he subjected to a biological check, preferably

once a week hut at least once a month, or before each use of the
instrument if it is used less than once a month. The check shall

be made by testing a person with a known and stable audlometrio

curve. The monthly check should include movement and bending of

cord, wire, and lead, knob turning, switch actuating, and button

pushing to ensure that there are no sounds other than the test

tones. A log of these checks shall be maintained and be available

for inspection.

3. Records

In addition to the certifiqates and legs referred to in 2 above, a
record of each audiogram made on each individual tested shall he

available for inspection. Records of audiometrle tests shall indicate

whether readings are based on ASA 1951 or on American National Stand-

ard (ISO 1964). The complete records on each employee required to be

tested shall be retained for 1 year following te_inatlon of employment
or transfer to an area in which noise levels above 90 dBA do not exist.
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The records will be examined for evidence of any deterioration of

hearing acuity and of action taken to prevent further deterioration

in those employees found to suffer some loss of acuity. Conclusions
as to effectiveness of control measures taken will be based on

examination of a significant number of audiograms and not upon the
basis of one or two cases.

4. Audiometric Tests Outside of Plant

If audiometric tests are done outside the plant, the Department of
Labor representative will also inspect the facilities and test

records, as noted above, and the same standards will apply.

Plant management will make arrangements for such inspection with

the person conducting the audiometric tests and may accompany the

representative in his inspection and review of records.

Noise Surveys

A noise survey of each area in the plant in which sound levels exceed 90 dBA

shall be made at least once each year to ensure that sound levels have not

increased above those originally existing. The survey may also establish
that noise levels in some areas have been reduced to levels below 90 dBA and

thereby justify discontinuing application of requirements for administrative

oontrols, ear protection, and audiometrlc tests of individuals in such areas.

A noise survey of an area is reeonnnended whenever a change is made in either

equipment or type of operations so that significant changes in noise level

: will be acted upon immediately.

Tests of noise levels will be made with a sound level meter on the A-scale,

slow response. The use of octave band analyzers or impact meters for

: control or other purposes shall be in addition to, not in place of, tests
made with the sound level meter.

The sound level meter used will be one meeting specifications in ANSI

_, standard SI.4-1961, "General Purpose Sound Level Meters."

[

Records will be made of such surveys showing: the Instrumen_ used; date,
time, and location of such tests; machinery or equipment generating the

i noise; and name of person making the test.

, _ Test reoords shall be kept readily available for inspection for i year or

i until a subsequent survey is made, if done more frequently.

The noise survey will be made by an insurance tarrier, a consultant, ai
representative of a State health or labo_ department, or by a qualified

i indlvidoal designated by the oompany.

!

i
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Compliance Plan

Whenever a noise survey shows noise levels in excess of those listed in

Table I, necessary steps to reduce the noise exposure to or below those

levels shall be ascertained and a detailed plan, with completion dates

for individual steps, shall be prepared.

Following the original survey which shows existence of overexposures, the

steps in a typical compliance plan might include the following, not

necessarily in this order and some usually going on simultaneously:

i. A detailed survey of sound levels and sound spectra to determine

the sources of excessive sound levels.

2. Initiation of engineering studies to detel_ine methods for reducing
sound levels at their sources.

3. Planning and initiation of feasible administrative controls, such

as modifying production schedules to divide noisy Jobs among enough

people to bring each below the permissible limit or spreading

part-time noisy operations.

4. Initial audlograms for personnel excessively exposed.

5. Installation of a personal protective equipment program.

J. Followup audlograms at appropriate intervals to assess effectiveness

of the personal protective equipment program and administrative
controls.

7. Installation of engineering controls, or process changes to reduce
noises at _helr source.

8. Repeated noise surveys to measure effectiveness of the engineering

changes.

_len the compliance plan involves long term engineering projects (for

example, I or 2 years) it may be revised from time to time as conditions

change. The orderly completion, on schedule, of the various phases of

the compliance plan, together with other components of the hearing

conservation program, will he considered compliance with the regulatlon.
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Applicable ANSI standards are available from the American National Standards
Institute, 1430 Broadway, New York, N.Y. i0018

Si.4-1961 -- Specification for General Purpose Sound Level Meters--S2.75
SI.6-1967 -- Preferred Frequencies and Band Numbers for Acoustical
Measurements--S2.75

S3.1-1960 -- Criteria for Background Noise in Audiometer Rooms--S2.75

S3.6-1969 -- Specification for Audiometers--$4.50

I_:I
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DOT-OS-00002

Start: Date: 19 12 69

Estlmaied Completion Date: 12 72 (3-yr. offer't)

Kind of Report: New

Performing Organization, Name: Department of Aerospace Engineering

University of Southern California

University Park

Los Angel es ,California 90007

Princlpa] Investigator, Name: John Laufer, professor and Chairman

Department of Aerospace Engineering

Responsible Oove L+nment Organization, Name: Department of Transportation

Assistant Secretary

for Systems Development and Technology
Office of Noise Abatement

800 Independence Avenue, SW

Washington, D.C. 20590

Responsible Government Individual, Name: W. Harry Close
Research Division

office of Noise Abatement

Key Words: Basic research on jet engine noise and its abatement

Title: Modeling for Jet Noise

Summary: D_velop engineering guidelines for the noise abatement of subsonic

and supersonic jets. The program of basic research will be condu,:ted

over a period of three years. The first year's activity will include:

a) the overall design and construction of the research facility: the

aaechoic chamber) the air supply system for the jet, the jet nozzle,

the traversing mechanisms used for detailed measurements; b) develop-

meat of special narrow angle microphones o_ electronic system for

'' data processing; and e) preliminary measurements in a high subsonic f

/: "clean jet". In the second year plans are laid out to conclude the

"clean jet" experiments to initiate the theoretical study on a source

: model, as well as to start an experimental and analytical work on

the effects of initial conditions. Depending otx the progress of

i this_program, it is hoped that in the third year research on the

_ supersonic jet noise problem could bc initiated.

Resources Estlm.%_'e, Funds: $529,000 fJr 3-yr. ef[ort. First year - $236,166.
[_ Secoad year _ $126)$83

i_ Security of Report: Unclassified

Procurement t4ethod: Grant Agreement.

I
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DOT-OS-O0035, 'l'_skOrde*: /13 Updated Nay 15, 1971

Start Date: 28 01 70

Estimated Completion Date: Ol 71

Kind of Report: New

Performin E Organization, Name: National Academy of Sciences
National Research Council

Division of Engineering

Highway Research Board

Principal Investigator) Name: ]_. N. Cnrey, Jr.

Executive Director) ]li_hway Research Board

Responsible Government Organlzatlon) Name: Department of Transportation
/ Assistant Secretary

for Systems Development & Technology
Office of Noise Abatement

800 Independel_ee Avenue SW

Washington, D.C. 20590

Responsible Government Individual, Name: 3_-Grde_as- W. ]larry Close
Research Division

Office of Noise Abatement

Key Words: Advisory and infoneation services for transportation noise

Title: NAS Services Trees Noise Abate

Summary: Provide four interrelated information services: I) Advisory i

Services -- Information Storage, Retrieval and Synthesis: an

Advisory Committee within the Highway Research Board of the National i

Re£earch Council, National Acadcm Z of Sciences of approximately 8 i

experts in the various aspects of _ransportation noise will be

appointed to advise on the scope, sources and input/output Pequire-

ments of a storage and retrieval system for noise information and

to @dvise on topics and procedures to be used in the synthesis of+
stored information and that which is available from other resources.

Initial priority for committee'coneerns is in the area of surface

transports:lee noisc_ 2) Storage and Retrieval System for Trees-

per'teflon Noise Research _nformatlon: develop a specialized file

for transportation noise research information service (TNRIS).

The servlee will provide for up to 2500 references in the first

year operation to cover ongoing research activities, reports on

completed research and pub]ice:loss or other documents withla the

scope of the service. Output from the system will include response

to direct queries, month]y lists and indexee of stored mater[at and,

at the end of the contract year, an eKperimental publication to

represent the year's aeoomplishments_ 3) Synthesis of Infoctttation



DOT-OS-00035, Task Order #3

Page 2

for Selected Topics on Transportation Noise Abatement: after an

adequate il_formation base ha-_ beell acquired, a mnall number of

relatively 0arrow topics within the field of transportation noise

abatcmet_t will be selected as high-priority topics for information

synthesis. One topic will then be selected for producing a

correspondiug information synthesis document; If) Advisory Services'-

Research Progra,1_s: examine and make t'oeomlnendstions for research

and dew_.lopment activities that .lay lead to the impla_l,_ntatioa,

_ithin the transportation eoslmunity, of policies, standa&'ds and

procedures for alleviating transportation noise.

Resources Estimate, Funds: $I16,000

Security of Report: Unclassified

Procurement Method: Contract - Task Order

Amendment #2 to above provided $50,000 to continue the _idvlsory

and information services, for transportation noige abatement
through August 21, 1971.
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R.eSl!}Ll.ln_,.bl ,:, Oovn _neon t Orl;an _za lion , Name : Ilapar teen t of l'ranspoi tat ion
A+_P.+;I;.Secretary for Syst¢,rns Development g'

'l'eeh eel ot+w
Office of Noise Almtemeut. TST-50

Rnl. 101109, 1100 - 7gh St;., S,W.
Wd:diington, D.C. 20591

Resp¢_neible Gove.rn.mnt '+:ndividOnl, Name: Close, W. llarry
Chic:E, Rcseoreh D/visioll
Offi,_'e of Noise Ab;itemeixt

+

_,_y lqords: IdEntify atlil qllal_t:ify the pbyslcal paran+_term wllieh affect the noise

gengratfon eh,'u-aeteristies o£ truck t/res;.'dev_lop an lnf_z'matien b_,sb
that may lead to standardized tire-noi._e testing procedures and to

highway noise reduction ar[teria, standards, and regulation;:.

Tiff'e+" Truck Tire Noise Investigation

• . . , . , . ,

Summary: This _tudy _0i'.l provide a scientific basis Cot designliig quieter tires.

lIopcfully the informatioi% produced will prompt additional action hy vehicle

and tire manufacturers, truckers, highway desl.gners and local law e. foroe=al_t
age.neies to a,_hieve a full me.asure of e iviron.ental quality improv_melit,
A literature :;catch will be performed for exist[ii g information as well as
ongoi+l_- relnt,:d wo_k to determine the seep6 of the overall truck tire nolle

problem; Iv|sits end contacts will be made LQ trucking industry and tire _nd

vehicle manufacttlrers to identify and deC|he the truck tire population,
practices of ::he fleet and individual user_ o£ trucks, ned tlie basic d[Efei'¢n._

that exist among different users. An atte0p t"will be made to identify _hc
parsee.lets th;:t affect noise generation. Reassessment of the &talus of

• laborato_-y and rosdside noise measurement development will be conducted.
As a result of those effortg_ eertain tire types will be selected and te_ed

on the road and in th_ laSoratory. Upoli ccmpletion of testing nild the
collection al+_( l'edllc|:[ol% of @;lEa+ on nrin)y_is I_il] I,e co_dtteue,l to deternin_:

significant g;ndt:igs ++f. |lie truck _ire i,ni.'e illvesti,,¢,ot_on.

.:,tlr!'¢: Entjn,_iltn, E,_lll,l.' : T.t;,i fulidiIg ¢_nl:Jnlate..+ $327,000. JlI/tJnl f_!,l,li,i Z +-,£ _.;,_;. "'
" "----'7-_-t_-_/O wa?_i'evi+de ,] by IGIWA fit April"1970. IntCl',_gellQ), /il¢,l-CelllelltDOT-A'_.IC

addresses the first inc'_emant of Fy,.71, t'equiced to, eol_t_nue "_iorkwithout
illt;Errn_,_ti.Dn. Total i."%':,-;11ri!qu[rejnel,:; :,re esl;i!,lal ed ;,I; K2OO,litiO.

_ . •, . • ,.. , ;., ;4, .,_+_ . +-
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19 February 1971

DOT-OS-I 0025

S teL"l:Date: 17 02 71

Estimated Completion Date: Ol 06 71

Kind of RE.port: Nm_

Performing Organization Name Society of Automotive Engineers, Inc.

"l'_oPennsylvania P]nza

New York, N.Y. lO001

Principal Investip.ator, Name: Favors, Fred

.Re.sponsib] e .Oovernmea t Organ Jan tion,. Name : • Depot tmen t of Transports tion
Asst. Secretary for Systems Development

and Techno] ogy
Office of Noise Abatement

If00 Seventh Street, S.W.

Washington, D.C. 20590

Responsible Government Individual, Name: Paullia. Robert L.
Chief, Regula.rory Policy & S_andaPds Div.
OfEiee of Noise Abatement

_ey Words: Analysis &nd report of the Plenary Session of the SAE Conference on
Aircraft and the Environment

Title: Aircraft and the Environment

Su_mmary: Analyze and report on the results of the Plenary Session of the SAN

Conference on Aircraft and the _nvironmen_. The review and evaluation

shall] cover the followinG:
l) A delineatio'n of the eonelusioss and r_,commendations of the n_ne

workshop sessions, as modified (if any) by the Plenary Session.

2) A _elineation of the pertinent dlseussions at the Plenary Session,

with identification of appropriate grasps 5r representatives of _hose

• . groups.

3) A teehnleal/eng[neerihg review of the conclusions and reeommendatioos

.arising from the Plenary Session, with a ranking o£ such results as

to :'a-.ability, reasonableness and sahedul_ng.

[/4) An eval_ation of the feasibility of implementing the results of the

:'Plenary Session, wi_'h particular emphasis on the followin_." •

a;-The technic'el interation of alr, no_se, solid waste and fluid

• palIntan_s.. ....

b. The j:conomio Implicatlons of the re'sults.

c. Suggested priori_.les from • a materials and manpower standpoint.

d. The nf_ect on" the _*ir transportation syste m . ' :

•"Reaouroe8 li:stimate, Funds:. $8,'855: (fixod"pr_.ee) ....,...
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28 J'.!ab" .1.(_71

]_o._Z'J>o.s :-:_ o_& S_&

Start Date: 14 5 71

Estimated Completi0_1*]_)ate: 14 7 71

.Performi_i__oi_._n__Lz!it.ie_n_,Name: B&]% Instruments, Inc,
5].].1h'ost 164th Street

Cleveland, Ohio 44142

Pril]ei]',_lInv_sti'J__ato_r_Nia_m£: E. Joh*t %dootten, Vice PresldeDt
Systems nnd Engineering

ResponsXble C,ovetT/m_eentO*;[_anization_ Name: Dept. of Transportation
Asst, Secretary for Systems

Development and Technology
400 7th Street, S. W,

_.lashlngton, D.C. 20590

]{esponsible Covernment Individual_ Name: .Close, W. B.
Chief, Research Division
Office of Noise Abatement

.Key Words: Sound level detection system; noise monitoring system,

Title: . Field Noise Monltor'S.ystem

Summary: Obtain sound level detection system for unattended monitoring
of aircraft and ambient noise levels in airport environs,

Resources Estlmate_ Funds: $18,000. ($17,099 Actual)

Security of Report: Unclassified.

Procurement Method: Contract - fixed price

.Other Fundln_ A_encles: N/A

Final Product Due: July 14, 1971



14 _y 1969

D¢_I_-O3,_9-O26

Start Date: 18 i0 68

Estlmated Completion Date: 07 69

Kind of Report: New

Pezformln_ Orpanizstion, Name: Southwest Research Institute (under contract

to Society of Automotive Engineers,flee.)

Principal Investigator I Name: Welters, F. C., Chair_n
S[_ Research Project Committee

q
Responsible Government Or_anlzatlon, Name: Department of Transportation

Asst. Secretary for Research & Teehnole
Office of Noise Abatement]!

800 Independence Avenue, _W.

:Washlngton, D.C. 20590

}!esponslble Government Individual I Name: Foster, Char_s R.
Director, Office of Noise Abatement

Key Words: Urban noise levels; noise generating machine§; operator tolerance.

Title: Support of Society of Automotive Engineers, Ine. Noise ResearehStudy..

Summary: Obtain data which is correlatable to urban noise levels for use in
transportation noise abatement research.

This program is to gather, catalog, analyze and s1_ma_ize available
nolsa data In.3 areas relative to noise associated with the operation

of hraotors and related equipment. Speciflcally, the 3 areas-areJ-
(I) Definition of the physical characteristics of typical noises to

which operators of such equipment'mlght be exposed_

(2) The tolerance levels of such operators, both with and wichout
protection.

(3) Degree of possible hearing damage and operator disorientation

£rom exposure to variable nolse.

Resources Estln_te_ Funds: $5,000. ($4.290 Actua{)"

Seeurlty of Report: Unolasslfled.

Procurement Hethod: _Contract : fixed p_i_e. _. . . _.

Other Fundln_ A_eneles: Industry -Farm & Indus£rlal Equipment Institute;
Cosstruetlon Industry _nufacturers Assn.|
_ower Saw _nufaeturers Association.

Final Report received December 1969.
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k_ltd of Rcl_o,t, l;ew

, . ..
•2'.e_'.f.__).r,_- t;L'_._.!L_.ZC_Lt_9!Z._._[_tJ_O: 1101 t I;eranek _.: ;,mwr._n

50 :.fo;llton.C_treot

Cal,lbr_.HT;o, I,,'af;sachuset l:c 02138

./'r!ncj:_I l,',v._2sl:_t'E;tot'._...E"L:f,le: Frankel,• Peter A. , Wee President
lhys£cal Selel|cc!s Division

l._?_ponsiblc Cuvorl]ment CJc_,a_.__Izntlon_.]lane.. Departs;ant of Transportation
AssLst_nt Secretary for Research 6

Technology
Office of Koise Abateslent

800 Indepeudence Ave., S,I.I_
|dashlnp ton, D.C. 20590

l:esJ:ons_hle Covet'el;e'er]'T,dJ.vftltl_l. Name: Paullln_ Robert k. ,
Cbi;;f t P,e@,.tlarory Policy & St::,.;idar,.¢s D_.,,..
Office bE Noise Al:,ate_nent

):ey Wordg: Hetropolltan alrport_ nest-term noi_e abatem_l_t alternat.'.ves; D;,_-ral _'O_;R!

and non-operatlonal proce_,ures',"eomposlte no:Ise rating; eircraf_ no!',c
exposure _orecas ts.

TJ.tle" Hetropolitan :%ircraf_ Noise Abatement Study (Logan Intereat$ena! _rnort)

SlJmfn_.i_: Develop useful alternatlwcs for aah_evlng both preventive and remedlu"

rel_ef from &ircraft'nolse'exposure _n the vicinity of a large met:ro-
polltan air:)ort - Logan International Ai_pqrt, Iloston, Has_,aehusetts.
Included at...considerations of: bas_c causes, growth trends, and social-'

economic Ira':notof alrcraf_ noise ezposure on In¢!_.vlduals and co;_:munlt_e_

near alrpor_:s. The project will include p:eparat$on of alternative
approaches for use by local, state, and _edcral governments to guide tl'em
_n land use development, a_rport develop_aIlt and related aircraft
operational procedures.

1
• . . . . •

"!'"Develop a m,:thodol6gy for use by other air,oft and metropolitan planni_ E,
offlc_als.

.P#O_reSS: ............ ": ......................................... _**t Final reporI: rec'd 3,/7C.

R_so_rae _ E_timate v j_mda: $31,027 (Jointly funded: Department of Transportstlcn/

Dep,qrt_,dont of _:'c'usil%g et_:._ [rrh,el_ Devn).07.-.::,nt)

Seeurlty of ReDqrt: 'Unclas£.Ifled.

Pro=u_eme_H_ Het|_od: Contract - £1xed pr£ce" _:

O_e_._'_uefiln_F._t%_n_te: De_'_rtr._en_. Of P.d{l._inrI led l..'rl,a_,I:,,.'vn!Ol:ri:cmt,
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P._//.9___ _._n__[! p_] -:_#.Ui_.q: L ,_:.{!._;._: Ser.eadJ.p:i t y, _]',c,
Spec:lc! Studie_; D_.v.!_3.oll
P.OOJ. $1!:[S;_vsclva..Det\,[_ ]h[gh;:e_.y

Z_rogra.q*_"_ • ,e"....l"_.f_ X, SI_ecial Studies Division

][2_.s_j_o1_:_bleCoverz_m2nt 9*'n.._D._za_['___o__b_li[_tjr!_e:])eparti,_chtof TrannporLatlon
Ansi', Secretary f.ov Research & Technology
Off).e¢. of NoiSe AbatemeeE

_00 Indepundenee Ave., S,W,

%;_shln,,ton_ D,C, 20590

Re£ponslble GoyeFnment" Incl__vldual, l_,'am___e:Paullln_ Rober_ L,
Ch._ef, ]_cgulacory Policy & Standards _a#,
Off£c_ of _lolse Abatement

E6_.V_.j_.,_o_rd._ss:Assessment of tran_portatlon noise abatement problems; potential solutions;

all modes of transportation - alrplanes_ buses, ttRicks_ autos, trains, sud
boats.

Tit.le: A Study of the lq_nltuc]e of Transportation Noise Genei'at_on. and Potential
Abatement,

_ummarv.: De,ortolan the n%_gnltude of the _ranspor_ation noise abatement problem _n
the U.S. and develop a set of anttlytleal _ools wblch can be used to detormlne
the extent of the problem in _he future _nd to evaluate alternative proposa|s

_or nolse obatetoent; provide e comprehennlw_ analysis of _he curren_ te:hnlcal,

economln and legal limits of noise reductlol% and estlfsates of what they m_y
be in the future; determine the level of re:.ponslbili_y (publio and private)

._or noise abat_.merit_ end the ability e_ each level to provide _he necessary
_esoureeS to £nplemcnt noise abatement programS; determine the need for

.flovernment standards and regulatlons for transportation noise nhetement_ to
: establish .s.peclfle reeom._endatlons for stsnc!ards and z'egu_ations and thelt"

" mesas of. enforzement; determine the scienti._!Ic research needed to unders_a.%d

nolsc abatement and develo_ a research prog:'am which will maximize the
e_p_eted be_ur_ from all related resource a._.locatlonS." determine how to

provide transp._rEat!en seL-v_ces _hat p;'¢,c_Ici:acceptable noise oxposu_'e iv

: pqp_lated _ a©t,as, g_'.ven the c.peratlon, eco::o:_ic_ so_i,'_iand pol_tioa_ :

_ons tralnts o ?

:,RessQurees Estln_te_ Funds: _492,683

:i[ i
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,( ..t.;;..¢_ ::r,;.s_/'ODer..l=or (So.. w..C _ca_tcb. _' -"" ' -'

i ..... _Q-, ...... ;,..,,-_,.,., s.!_.n_d I0/]3,/,L_

")_,;,:cor.,);jt:,l:'. ;-./C t':,_i_¢. _,)!_ i}_:-anel ._- _,[_:_:a_an/DOT-,.SS-A9- 22,_60 1969 6/69 3/70 Mast:.

,:',.a'_,._'t;.nt. S_.ua:) (Lt.._ah) 0D9 ._'-'dn_d B/23/6B B 1,;7 _;oa.'

• CJ'.:)i'._ "_'_,: _ ,!:UD _,_" 3 L,,.'2/ ""

B,,,.U.-...-0_, si_ned 5/21./£9 ;6,270 Nod, 1971

80, .',00_lod. 19_I 8/71
-,.';A'T.., ,

• " C**,.,:'._.a Eva_ue:ios U;i'vet'sf.zy of _?:;2h£_,r.on• 2:%_02 IP69 _/6._ 2/70 _,.." ..

DgT-0S-A_-036 stgr:e(i !2/216S

.-':.%c_us_;.eal_leas_lro_lent:_ 3olt _er=nek & N0.',n_an 16,778 1969 9/69 .2/7C' .....

(Subway), _O_-OS-Ag-0_0 _gr_ed _/!/69

• ,n_._ _AA (Wy1_il,nb DOT-0$-Ag-059 si_ned 1/17/69 _0,003 k9_9' ].2/r_9 ^ ":_:

Z/.,_ .L No_._e. C.hacae-

•$r_n_=cr to k_D (_%NAPS) D0_-OS-Ag-072 s_._rl_ 2/25/69 1[_0,000 19_9 6_70 _'"
., %,.,o..

C:c, at%

?_'_,s_e- _ =o 2/_ (AD$_ go." D0'[.0_-Ag-0_6 signe_ S/21/69 _0,000 _9_9 12/70 N,3.

"G1i_h_ ,_:_.e_o Co:nputars
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i_¢..'.;oareh ,.--r_d Dev_.to_*_:nt Cont_ncts

Con_ra_-./Cc_,_,_r:,.ct.No./' 5"Y _cp_)r--

Title Da--¢_Si_+;ec A+oun _. Funds Due i(cceivn+! Su:1=_.

T:;_[.aetsr:._llevia_ion of Un!v. of Cali'Iornia 5125,1+66 1969 Phase 1-10/70 Call.;.

!'ra::._pox'ta'_iozNois _- DO'_-0S-Ag-IIa signed 6/30/69 Phase Ii-.iD_-7-I12/72

.... i, _ ,. 'of _ot:lu S'.d=. .,. . 21,I_00 1970 6/70 i0/70 D.C..,_, .. I,.o,. +K.on_. Seie,-+ca Fouudacion

($u:_De:'n o_ A.".ous_ic,a! Soc. DOT-0S-O0006 signed I0/S/69
of ._,L.'.ericaStds ActiSit_es)

T_'.oa,%couP--its Pro_r_,n Nntional Bureat* of S_andards 50,000 1970 7270 Rewrlt_ D.C.
DrJI'-AS-O001_; si_,ned i0'15/6 °,

:4o<e'_i:t_.=or _ Noise L_. of Sou'.ilertl"3,ali_ori:ia 236,166 1970 Qrtrly Calif.
DO';'-OS-0.)_}02s[znad i2/19/69

Sucond Yr. Grm_:= si_.ned 1/18/71 !26,SS3 1971
363,0:+9

Ad-:isnr:' ._ [n_'o Services for ,_:at+e,nal A¢,ademy of Sciences 116,000 1970 1/71 D.C,
T.'n::5. Noi;;_,Ab_--emcn-- ::ighwnv i_es_,arcb Board, :'a_k #3

D_YJ.OS -(.300:'+5 s i[.O:od ' 1/2.S/70
At_.endc,:en=_2 (Con_in_Io '_hru S/71) 50,000 _971

Igo,'O00

2ru_ Tire Noise !nveBtigatlon Nnn_nnal _:reau of Standards 100,0DO 1971 D.C.
DO_-AS-IO00_ slg:_ed _/27/70
_\_i_--¢i (2ndhal_ _.71) I00,000 1971

• 2_0,000

• " "__ _" C_I_brldge, 2,500 1971

da =_'d S,/_+/_0
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Cont _act:/Con= rae= No./ FY Report
Tinle Da_n ,_,_e_ A_unt Funds Du_ ReeL;ivy#7 _e

' i _*.,Airc.'af'.".% the E.nvi_onman_ Sonta_y of Automotiv_ Eng_.neu--a, Inc. 8,85_= 1971 6/71 6/i_/7i , v
N. _'., N Jr. _OT-CS-I0025 _a_..d 2/_ 7/71

Field Noise Monitor B&K Instruments) Inc., Cleveland, Ohio 17,099 1971 N/A Ohio
DOT-OS-!OI83 dated 5/i_/71



DEPARTMENT OF "r['_ANSPORTA'FION

TRANSPORTATION SYSTEMS CENTER

CAMBRIDGE. ,_lAS 5.

PROJECT pLAN AGREEMENT

""GV/A He J 2. PPA N0. REV. NO. AFFECTS PAGES 3. DATE:

"/2-0S I OS207 O i-9 August 23, 1971
4. lIThE:

Transportation Noise Abatement

5 SPONSOR: _ TASK3_A_ ADEn:
_r. _!harles R. Foster, TST-50 do_n E. WesJer, TME

Office of Noise Abatement DOT/Transpor_:ation Systems Center

DOT/400 Seventh Street, S.W. 55 Broadway

Washington, D.C. 20591 Cambridge, Massachusetts 02142

(202) 426-4553 (617) 494-2258

6. SPONSOR NO.: B. RELATED PPAS=
I

9. BRIEF TECHNICAL SUMMARY=In continHed cooperation with the OST O__ice

of Noise Abatement, TSC will work in two broad %_reas of transpor-

tation noise abatement: (1)continue measurement and simulation me(

cling of community noise levels created by transportation-related

sources; and (2) conduct research into the mechanisms of noise gen-

eration by jet engine exhausts, V/STOL aircraft, and internal com-

bustion engines. In addition, TSC will provide technical support

in' all aspects of transportation noise abatement, providing suit-

a]Dle expertise on call, monitoring research contracts negotiated

y the Office of Noise Abatement, and directing demonstration prd-

jects as appropriate. Further, the TSC Task Hanager will serve as

the focal point for all noise abatement activities involved in

other programs underway at TSC for coordination purposes.
!_O. RESOURCE REQUIREMENTS=

FY 71 FY 72 FY

DIR ECT ,',_ANYEARS 6.6 i0.5

: SALARIES & BENEFITS SK 140.0 210.0

MAJOR EQUIPMENT 44.0 125.0

RESEARCHCONTRACTS 142. O 2'75.0

IN-HOUSE SERVICES & OTHER 104. O 1"34.0

i INnlRECT 160. O 231. O ......
TOTAL 590. O 975. O

i    eetor ,'
TITLE, -'2.. _ "':': ";.... '

0iTi : ....

I ....... Ii
pA_r i o1' 9

!,



12. DESCRIPTION OF _OI£K:

.i:ansportation noise abatement constitutes an important prcg]_am within

the Department of Transportation, with high priority and emphasis. This

importance is clearly evident in the Departmental budget submitted to

the Congress. The Transportation Noise Abatement program will receive

correspondingly high priority and attention at TSC.

i. Noise Abatement

A. Surface Transportation vehicle Noise ReducLion:

No specific work at TSC is planned under this portion of the Depart-

mental noise abatement program. As noted in the Brief Technimal Summary

above, however, TSC will provide technical support and suitable expertise

on call to assist the Sponsor in monitoring or directing projects in this

grouping.

B. Right-of-way (Guideway) Noise Reduction:

Begin research and field measurements to assess the effectiveness

of'various types of noise barriers, highway depressions, and elevations,

in reducing the transmission of highway noises to wayside areas. This

-,ork will encompass the refinement and expansion of noise prediction

_rocedures along surface transportation guidsways, including the effects

of various types and configurations of barriers in reducing noise levels
in adjacent areas. Actual field measurements of the effectiveness of

existing barriers will also be made, for comparison and validation of

the prediction Procedures. _he ultimate goal of this work is the devel-

opment of meaningful information to guide highway and guideway designers

in reducing noise exposure impact on neighboring land areas.

C. Research on Noise Generation Mechanisms:

(i) Jet Exhaust Noise Basic Research. Continue basic research

into the noise generation mechanisms of jet engine exhausts, begun

during Fiscal Year 1971. Initial contracted research began a system-

atic analysis of laboratory-scale jet flows, using a shock tunnel-and

cold gas jets to generate flow patterns. Shadowgraphic and holographic

techniques are in use to visualize the shockwaves present in the jet

exhausts, for correlation withsimultaneous acoustic measurements.

Those experi*nontal results are being used to validate theoretical anal-

yses of the noise generation mechanisms, in order to permit an improved

understanding of these phenomena, leading to development of effective

noise suppression techniques. The Fiscal year 1972 work will continue

the analyses begun in Fiscal year 1971, extending the experimental work

.o additional nozzle shapes and designs, and operating parameters. It

is anticipated that the second year of this research effort will pro-

vide definitive guidelines and potential approaches for suppressing

,?



jc_ oxbaust noise. This work will extend throllgh the Sl*mmer of 1972
to take advantage of sumner academic research at MIT.

(2) V/STOL Noise Basic Research. Continue research into the gen-

eration and propagation of noise into urban areas by V/STOL aircraft,

begun in Fiscal Year 1971. The previous work investigated two areas

of importance in assessing the potential impact of V/STOL operation

into city-center areas: (a) trade-off studies to relatc noise character-

ietico of possible V/STOL designs to their operating conditions, and the

probable effect on operating cost of imposed noise constraints; and

(b) theoretical and experimental studies of sound propagation into typ-

ical city-center environments. The goal of this work is an improved

understanding of V/STOL noise levels in urban areas in order to provide

better technical bases for future standards and certification criteria.

The Fiscal year 1972 work will extend the studies begun in Fiscal Year

1971. Specifically, work will continue using laboratory scale models

to predict noise levels in a typical urban environment. Theoretical

studies of this problem will also continue, to _,nclude the effects of

non-specular reflections from building faces, and the limits imposed by

diffraction on tl_e shielding of buildings. Zt is also planned to simu-

late an urban area st_rrounding a vertiport or stolport, such as that

proposed for a floating Manhattan stolport, and measure noise levels

associated with STOL aircraft operations. A second area of effort will

include actual field measurements of VTOL and STOL aircraft flying oyez

,pen terrain for calibration, and over city streets to validate labora-

tory simulatlons. These measurements will made by the TSC mobile

van and crew. The third area of effort w±ll involve laboratory studies

of rotor and STOL propeller noise, for inclusion in further noise-design

trade-off st%_dies of potential VTOL and STOL aircraft, including a tilt-

rotor VTOL concept and STOL configurations including fan jet noise and

lift-augmentation devices. AS the result of this second year of study,

it is felt that substantial information will be available to guide

future designs of V/STOL aircraft for urban transportation. This work

will extend through the summer of 1972 to take advantage of summer
academic work at MIT.

(3) Internal Con_ustion Engine Noise Research. Begin a study

of the most promising approaches to the reduction of noise radiated

from typical internal combustion engines used to power ground trans-

portation vehicles. Initial emphasis will be placed on diesel engines,

> commonly installed in heavy tr_cks and buses, since these vehicles COnM

_! stitute the loudest types conunonly found on urban streets and interstate

highways. If feasiblo_ this work will also be extended to other trouble-

some vehicles. It is planned _hat the ICE noise research will proceed

concurrently with other work at TSC _n reducing exhaust emissions of

diesel engines and similar power plants appropriate to ground transpor-E

"-aries. If the emission program fails to materialize at TSC, the Fiscal

Year 1972 work will develop a meaningful longer-term ICE noise reduction



program, and begin an appropriate demonstration project, within the
funds available.

D. Noise Measurement, Analysis and Information:

(1) Continue a program of measurement of community noi_e character-

istics caused by transportation-related sources. During Fiscal year

1971, a mobile noise measurement van was procured and outfitted at TSC

to permit field noise level analysis, and a crew of englncera and tech-

nicians was trained in its use. The van and crew conducted s three-

month survey of the noise levels present in the town of Medford, a sub-

urb of Boston. That project provided an in-depth analysis of community

noise ].eve]s. During Fiscal Year 1972, the van's eqLlipmont capabilil.ies

will be expanded through the addition of a multi-channel tape recorder,

additional microphones, and other improved apparatus. In addition, port-

able equipment will be acquired for use in remote' measurement of trans-

portation noise levels at sites such as Pueblo,_,in subway stations, and

at similar locations where use of the van is inappropriate or inconven-

ient, Additional TSC personnel will be trained in the recording, meas-

urement, and analysis of transportation noises, to expand the ability to

perform field ieasurements, and to man an additional mobile van which

may be assigned to TSC, following completion of a research program at the
National Bureau of Standards, under the sponsorship of the Office of

_oise Abatement. The van(s) will continue the program of field noisu

.easurements begun in Fiscal Year 1971, to provide measurements of air

and ground vehicle noises to compare with simulation model results, to

measure the abatement characteristics of barriers, roadway depressions,

and similar design characteristics for highway planning, to measure the

noise characteristics of new types of transportation vehicles (such as

the tracked air cushion type) for determination of their potential envi-

ronmental impact, and to survey further the noise levels existing in
American communities.

(2) Continue the refinement and expansion of the airport nolse

exposure simulation, begun in Fiscal Year 1971, in order to assess and

compare alternative approaches to the reduction of the noise impact,on

airport neighbors. This "developmental effort will concentrate on im-

pr6ved interactive input and display techniques, in order to permit sim-

pler use of the simulation model by airport planners and similar groups.

In cooperation with the progral, sponsor, the simulation model will be

used in various analyses, such as the cost-effectiveness comparison of

airliner engine retrofit begun during Fiscal Year 1971 and continuing

into Fiscal Year 1972. In addition, physical elements included in the

simulation program will be refined and expanded to assure accurate rep-

resentation of the acoustical aspects involved.

3. INTERFACES:

The performance of this work will require the close c_Drdination and



cooperation of the Office Of Noise Abatement, Office of the Secretary,

to insure that the actual work performed is meaningful azld related to
.he overall program of the Office. Close contact and supeJ, vision will

also be required with those contractors which will perform selected

portions of the work program. Finally, eontJnued close liaison with

other government agencies, such as the Department of llousing and Urban

Development regarding noise standards for land use, will be maintained,

to insure the widest possible benefit to the ptlblic from work accom-

plished at TSC.

14. SCfIEDULES :

The following milestones are appropriate to each of the task areas
described above:

Task i 2% No specific work planned initially.

J

Task 1 B Traffic Noise Guidelines and Standards drafted - 1 Jan 1972:

Sulrmlary report drafted - 30 June 1972

Task 1 C (1) First year's research completed - 1 October 1971

Second year's research completed- 1 October 1972

Task 1 C (2) First year's research completed - 1 October 1971

Second year's research completed- i October 1972

Task 1 C (3) Summary report drafted - 30 June 1972

Task 1 D (i) Technical reports or each field measurement project as it

is completed

Task 1 D (2) Aircraft/Airport System Noise model ready for simple

interactive use and graphic display of results -

l'January 1972

15. PROCUREMENTS :

Be_eareb and development contracts are anticipated in three of the five

task areas, as outlined in the attaohed program summary. Equipment

procurements are planned to augmen_ the mobile van's mcasurument cap-

' abilities, and to e_.pand the graphic display and interactive usc of the
";' noise simulation models.

16. MANAGEMENT:

The Transportation Noise Abatement program will be managed w_th_n the

Eleetromeehanieal Branch, Mechanical Engineering Division of ttlc

OS207 page 5 of 9



'-echnology Directorate, Transportation SysKems Center

17. REVIEW AND REPORTS:

The TSC Task Manager will furnish the Director, office of Noise
Abatement:

a. Monthly technical progres s reports

b. Annual summary report

c. Individual technical reports covering results of

important projects

d. Oral program reviews as required.

18. CONTROLS:

All work will be conducted with the close coordination of the Director,

Office of Noise Abatement, Office of tile Secretory.

OS207 paqe 6 of 9
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FJ_NANCIAL SUMMARY

ADp

R&D IN-HOUSE

TASK... _'LABOR _ONTRACTS _EQUIPMENT SERVICES O_-IER .TOTAL

IA

0

IB 2½/$I05K $ 50K $ 20K $175K

IC (11 %/ 21K 75K 4K 100K

IC (2) _/ 21K i50K 4K 175K

IC (3). i/ 42K
8K 50K

ID 6/ 252K $ 125K $ _0K 38K 475K

IE

0

I0½/$441K $275K $125K $ 60K $ 74N $975K

Direct Labor _ $20K/MY

Overhead @ _22K/My
_ _42K/My

i

i

2

:i

' i

,']

i

i! :

?iE

vi



TRANSPORTATION SYSTEMS CENTER

PPA: OS207 .tiTLe... Transportation Noise Abatement FUNDING: ; ,,"

BRIEF 'PROJEC.T DESCRIPTION:

Perform work in two broad areas of transportation noise sba'tement: (i) continue measurem_n_ _;.:

simulation modeling of conu_unity noise levels created by transportation-related sources: and
(2) conduct research into the mechanisms of noise generation by jet engine exhausts, V/STOL

aircraft, and internal combustion engines.
m

TASK FY'71 FY'72 FY'73

IQ 2Q 3Q 4Q J A S 0 N D J I F M A M d IQ 2Q'3QI4Q5egi R( _ine :ent Re Ldy | I

IB Right-of-Way Noise Reducti_ n: _fln-_menAl bm_ _te F2:_,Us_ C ,nilLued Ref [nem at Lnd ;se I
Adapt highway noise model _--_I'--

" lest C0m )let

Study effectiveness of'higt- l.eh Ana.ysJs_ AnaLysl/
w_y noise barriers Be_ n S:and, rds

_na] .sis Draft.i/_d
_repare highway noise stan¢ ard /i_

iC(1) Jet Exhaust Noise Basic Y71 FY7on_ act_ CO__.rac_s Fin .i
Research : i#arced Awa cded Re? ,r_
Continue MIT contracted

work t';h- / _-.

IC(2) V/STOL Noise Basic FYII %'12
: Research: C_ }trzc_s :0nttact Zina

Continue MIT contracted A_ lrd_ d _war_ed Lepci_work .___-- Z_, /

LEGEND: !REMARKS:

.'% sCHEDULED

z_ ACCOMPLISHED

A_IR MAY 7, 1971
page 8 of 9



TRANSPORTATION YSTEMS CENTER

TITLE: I
IPPA: OS207 Transportation Noise Abatemeat FUNDING: $97S_',

BRIEF 15ROJECT DESCRIPTION: _

TASK FY'71 FY'72 FY'73

IQ 2Q3Q 4Q J A S 0 N O J FIM A M J IQ2QBQI4Q

IC(3) ICE Noise Basis Researc : Fin; l

Prepare diesel engine Re_t
noise reduction program

f_

IID .Noise Measurement: pro :ure_len_ Rec _ive ns_ 11
Expand mobile van capabil.ty pLckn:e Equ pme_ l:qui men

Perform field measurement N _del _'A /\ /,'_Rea_{/
Interactive use and graph .csR:cei ;ed F0rlUse

for airport noise model _,\ /_ Con inu Re: inetent and Use

HireprogramneWpersonnel for '_I Hi/'e "

°° I
I

LEGEND: REMARKS: New Personnel: Hire two Acoustic Engineers i0-i-7!.

/% SCHEDULED

ACCOMPLISHED

AMR MAY 7, 1971
page 9 of 9



._'RANSPORTATION bYS[KEMS CENTER

TECHNICAL PROGRESS REPORT

for June 1971

GENERAL WOE}" AGREEMENT, NO. : ,.71-0S-2

PROJECT PLAN AGREEMENT NO. : OS-07-I

TITLE: Transportation Noise Abatement

TASK MANAG_._ (_,qC): J. E. Nesler

TASK MANAGER: _: ....

DIVISION CHIEF: _ ---_........
A. J. R_Schnelder

OPERATING DIRECTOR_ _ene G, Nallnella _. --



TIb,N:;I,C,:.,I_;!'].,I!ON.., ...., •" , ....... C3 ::.!'i'] :R

Ij'F:CIIH ilCiJ, T'idl(H',_<;',L; I_i',P(IR't'

GENI,:RAL WORk A(;_.'I.U".b!I]NT NO, : 71-'O,%- 2

l?ItOJEC'l_ PLAN AG,::I:]_I./I_N.'.P II'L : OS-.0'?.-]

TIrJ_L];;: T:l:¢ill.%]'JOl i'll LiO)l lJOJ:;(* ;_l)TtP,ZJlt'!_]l:

TASK HANAL'EP. (". [:(') : ,]. L'. h'et3]er

i, 0 SI)MblARY

DtlrJ.llg ]?:i;;CLI.'I. Y('_l_" [I.9"71, tile fo].].o'.,.,Jn¢l significant accom-
plishh_ents l.;c:.','c dey'.i.',,qd ;i-toni tile [Cr_ll3£;r)OlTtLItJ.oll lqoJ.se Abatement

pl:ogr_tm at T.qC:

a A inobJ ].e l'_O.i.t;emoasil,reltlC_iltla])orato]:y was pu..cJ]asec] Slid

OutEil.:It:d I alzd tt (:row of [_.}_gJ.ll_-(]z-.uarl(] technici[:hs was trail]ec]

to provide fie]<i itca.tl.dC.11.,i_. of colfl/_iua.ktvnoise levels

b. All o::te_sivo, sllrvey of community no:_.ze levels existing
in a typ3.c_ta. .,etropolital, subm:b was completed, by _!eastlring
noise levels at 50 sc_lc_et.eclsiL'cs in Medfo;cd Hassachusetts.

c. A brief, inform_tl survey of noise levels present ill tile

Everglades of Florida was performed to document noise conditions
in that relatively uninhabited environlne:lt.

_: d. A computer p_-ogranl, initially developed by Serendipity,
Inc., under contract to the OST Office of Noise Abatelaent, was

adapted to the computers at TSC, and tile program's capability

was expanded significantly to allow automatic calculation and
._ plotting of noise exposure contours around airports.

o. The expanded airport noise exposure computer program

was applied to an analysis of tile cost-effectiveness of engine
: retrofits for con_nercial airliners on a world--wide basis, in

!i support of the OST Office of Noise Abatement work %lithin the

/, ICAO Committee on Aircraft Noise.

_ f. Three research contracts were negotiated with MIT for
laboratory studies of the mechanisms of jet exhaust and V/STOL

vehicle noise, with the goal of better understanding of these
: ! noise-generation factors and of the most promising means for
": noise reduction.

i
[ :

F-

t



g. The f<.'_:_<i.b.i].ityof ad_q_L._!',g _x _:l<lil:-bc.am ]anon- ve],_cJ-
.[-e]: as a r(]ll_c)[le ._;oll]_d L_I(] \,]]].i:_ti:_[o!: dt'[.<ic[-o]7 _..'_I:] []_;lloII5t1_l[:td

J.l_the ].aborato:cy, anc:_a l:al.enl. ,U:,p]_caL.[c)n J:c;_:thi:; i.ecl_ui(]uc_
was submittc},"l for Ic_.]i]lp]foc_'z._:i),q.

l] . 'Fl]e ]'[I S_: _'_;_]&]O('}]? fc_J" Lhe T).:n1._;l)(n;lat'].onNozise Abatement

program began to serv_ E_s the .,o<,,_] ])o2. nL at ']'SC for noise
abatement efforts, by par'['JcJpal ill[ Jn review procedures and
lililJted contr_c%ed rc,_;',_al:c]Jon i.v_)c]:,:_c]ai_. cushion vehicle noise

sources and pre6icted perforInar, c.7:.

2.0 , ,, ' ..... c., ,,.C]'.,C]INICALD] _C.U (.,

]......Ln _h,, [Ir;n_sporta['.ion Noise, Abate-TIle %qorl{ _]l_del'%v_'ly at ,,o:.

ment proc[ranl, durJ.i_g I.l.s_.,."*'-1 Ye-ax 1971%;as inJt.i.al]y (livided into

three genera]. "- _" "-i ._u,.,_ecio.,.,e,.. As I'he vzork pl:ogressed during tile year,
however, a fourth or miscellenoc_us category %vas c_:eated to en-

compass a _Ul/lbe_i of sma].]er .i.llft_K'r_a]efforts performed in co-

operation with the OS'I' Office of Noise Abcltement. The technical
discussion which fo].].o_::sis organized a]on_j these foil): categories
of work.

2.1 Modeling and Field Heasurement of Community Noise
Levels

)ise Abatement, Serendipity, Ir,e., deve].oped three simu].ation
models to calculate noise exposure conditions caused by aircraft

operations near airports, ground transportation vehicles along

guideways, and the composite community noise levels generated by
all modes of transportation. The original Serendipity computer

listing for the airport noise simulation model was delivered to
TSC in late September 1970, for adaptation to the computers at

TSC. The adaptation and expansion efforts culminated in the

Airport Noise Exposure blodel MOD 4, which was 'fl:o;:en' at TSC i_
_lay 1971. The details of' this model were reported in the TSC
Technical Progress Report for May 1971, and need not be repeated

here. A foz_nal TSC report, describing this model and serving as
a user's manual, has been drafted and will be issued in early

August 1971.

The second Serendipity model, for ground transpoxtat/._n

noise exposure simulation, was delivered to TSC early in calendar
year 1971. Because of the higher priority for the airport noise
model, only limited efforts were devoted to the so-called high-

way noise mode].. The only wo_:k accomplished has been a brief
review of the comptlter listing, in order to understand the pro-

cedures involved and the probable efforts necessary to adapt the
model to TSC computers and streamline ]ts operation. The third

model, simulating ccmposite community -- _ levels, was still



•cc.i|_[_ _]1_¢] i'.(J,:_T]t_d_r_n o[: tJE'u_; ilt(;dc] ;,t . + (, If; o,':pocto_ (!d_illg
• , _* .• ,scmL 5.cd_ ]972.

3[1] t.hc'! _'ld_.pt_]tj oll _.1],_] (....j_ll_.,.I.c.. u.F t|lc, .'hi_-pol;t noi._c ¢'!.'.:.-
posu.re mod_]., the .sj:,ocLL.ic: apl_]ic_h:ion of" the prucucluce_ to Logan
_]_LcrnatJo_tl Ai.l_porh, 13o!%[+o11., ;,;_,_ ll/;r,d for ]+c;_t_J/lJldg ptlrj)o_le._].
DLlr]llg. the2 sp?J.ln(j Lt+i_'t ,+':'+L,,,+*f+Z-,:r•- Ctf ],_73[_ '.I+,_]C ]._oJrTF;o/llle]. %,.'o]J:(ed '

c].osc+']. 3, v/il:h ]_A]_ xerbiOn+_], t:_oxsornlc:.l + _llld _:e[v_rusent_t'_\:es of the
t4as_ac:husokL;? Port; 2_Llkho_JJ t½, (hil¢+' c)]}(')'atc)]:b; of Log_nl Airpo].-t) to
o]_t,'.lin meanJltgful a;;:,;'l)ol:t infe:,r, ltti.on and to clevc]op relevamt:

.,. , o •analyses. 'the re,eJLlJ[i'.:_ elf o.1.] .ll_ .... ill'lZ)JJ.y_cg h_vo bf_crl rot[lined

&+i< TSC n+nd are cobsJclorec] ¢.,._lt_Zc]y ¢]cv{?]o_)lllont[t] J.ll l_ata]re.

Nevertlnelc+.:w,:, these /n'e]intJn_rjv ro_JuJLts have prcu,.i.dod va'Lt_ab].o
insight into r_o_:;c l_.+'o,bl_mls at a U. S. A:i.rporh. A fu_+ther adap-

, i
ration of hbe AJrt_o._'t Noise ):_:.:po:ul_-c Nod 1 MOD 4 was also applied
to all analysis Of IIoiFJc C};_)Of_ild?C; ].OVC],+,; _lt 5]even iIltotr'llat,_ou_l]

airlmorts, for 1.975 and 19S0, ilnd fo_: :_t_\,c;ralalternavtJve leve]s
of o)]qine, leurof.l'"-u, in s_:pport of the OWl' Office of llolse Abate-
merit co_ml_ittmeDt to th[_ ICT+.O Comm.itteo on Aired:aft Noise. This

YCAO work began to produce u_,l)].e results only dLltrin%I Julle 3.971,
and w.ill colltinuc .into l+"i:+_ca]gedl ).972.

The secor:d major area of v:o_.k duz.ing J?isca3. Year 1971 under
the qeneral categorJ_ , of conmlun_ty noJ..gc_ mode].i.hg and field

+)ise n+easuremerlt labo_-atory, and the training of a crew of
_ngil+eers and technicians to man that laboratory. Details of

the van and its ±ncluded equipment were included in several
' monthly .Technical Progress Reports, and need l_ot be repeated

here. As soon as it was avail.able, and the crew familiar with

: its operation, the vat* was used to survey noise levels existing
in Nedford, Mass., a neal;by suburb of Boston. l.ledford was

selected for this analysis because of its proximity to TSC, its
' va.riety of environments (from busy industrial sites to a serene

+ I park and reservior area), its read5, availability of traffic flow

•:. and demographic information, and (pr.imerily] its inclusion of
major highways, railways, and Logan Airport overflights within

_I its boundaries. Noise level recordings and analyses were made
I at 50 sites within Medford, with the sites selected randomly
•' throughout the town area. At five of these sites, analyses were

_; made throughout a 24-hour weekday period, and were analyzed in

hourly segments, At 45 additional sites, rneasurements were made

_._ from 0730 to 0830 and from ].130 to ].230 on a weekday between
!

1 March and 15 May 197].. The format and method of presefitation
of the measurements were included in the Technical Progress

':.. Report for March 1971, and need not be repeated here. Pertinent

.i_ preliminary results have been relayed to the Serendipity, Inc.,
for inclusion in its continuing development of a composite

+/ con_unJty noise level n,oc:+.l. A fo,_m_.l repo+':_ is P.enrly cumplete,

;:i and should be publJlshed ea.,?ly in AUgU:;Z 1971.
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2.2 P.v.'s(_nrcJl into J,X_C:]_aHJnhL;; uf ,'Jul: .l!:_(l:ihe ].b:bi._ust Kf)._,_.;o

] J._C.1] _cc.c :1.97]. program nt 'I'SC initiated
two ):e:._.narch contracts at _,_1']', in[cmcl(,d Lo p:covick, r, ]',c:t:t'e]:
endQl"StLiHding O_- the I.)]IySJ[_ll. phel/oltloi]a govc_rl]ing noise, genera--
tJon by jet ..,,'h_m_,l...",..,:. ,,,t_,lo, u:l.L.hnate c!oal, of :_sch we.vk js' i ,uroved
approaehe._; to the rc_(luetion of such no.i.se. The fiz:.:t c:o_t_'act,
formally begun on ]5 Novc;mber :1.970, involves hhe use. of sln_clow-

graphic an(] acoustic: ana]y:;(;n of jet f]ew.q produced in the M:[']'
• .ih]. device provideslaboratory by n shock tui]ne] technic!ilu. '" ':

repeatable brief.-duration, hig]1-ve]oc:._ty jets w].i:hotlt e] abo]:a [:c

reqtlirentents for ]]:;g]l tol_perature h_;._i:c)r.i,als and alu]cIioic _;tl]:round--
ings. The results of a systemat.q.e stl_dy of two jet nozz].(, cen-

figuratio,ls, un(ler the direct:'on of D:*:. Jean LOUIS, is (]Up
30 September 1970.

The second research contract at [,liT, formally begun on

15 February 3.971, involves the tlse of optJ.ca] ho-l.og]:aphic visual.-

ization 'beohniques, in ooJ:re].ation with acou_;tic measurements to
analyze jet flow shock'wave generation. Her(;, cold gas jots are
generated in the laboi-ato_:y to provi(]e the_.,_oLlnc_source. These

ana3.yses, under the diroc'bion of Dr. Richard Sa]ant, are clue lot"
complot:[on in draft J:eport form on ]d t.a_ch 1972,

As a portion of this program l.,ha_e, pre3,iminary deve].opraen£
of a las_): SOUDd probe was c.'ondilctcd _it '/'_c i:o do;llonst.ITate S at
least in t]:e laboratory, the feat,ibi].ity of this approach to

,*e remote detection of sound and/or vibrations in a jet flow,
c .' ,

for example. A_ informal report ee._c],zl,lsg the results of this
developmental effort will be issued during July .],97]., Briefly,

through the use of ].aboratory equipment on ]]and at TSC, a split-
beam laser velocimeter was fabricated and demonstrated capable

of detecting sound fields and surface vibration from a remote

point. TSC personnel participating in this developmental work
have prepared a patent disclosure covering the genera.] concept.

The final report will assess the potential capabilities and
limitations of the approach, and will recommend further action,

if any, for future use.

2.3 Research into Noise Generation and Propagation by

V/STOL Vehicles

This phase of the Fiscal Year 1971 program at TSC initiated

one research cont_:act at MIT to study, both experimentally and

theoretically, noise propagation into a typical city-con%or
environment from V/STOL vehicles, and to assess the design an,']

operating limitations ',,;hich may be imposed on commercial V/STOL
operation by possible noise abatement rest:aints. This work,
forma].ly begun on 15 October 1970 under the direction of Drs.
Richard Lyon and Shei].a Widna.].l, is scheduled for completion on
30 Scl)terabe.r 1971. D:C. Lyon's portion of 'Life:study involves Lhe



the(_:L'etic:_x._ Ltn_7 e._;:_c'_'i;_..nt..:_l] an.dl_,.qr'_ oi" no.is(_ prop;:watien :[nl:o
llr})a!_ a_:o_t c.om]'n_'.i:;c_c:of [:yj,_c:';_](;owl_h_)'.,,'r_hLl_]ding_ slid ,_kl.uc.t..

32:1 scale mo(':o] of _ c:[ty il_{-.c_):soeh]on, plus an _]]ey t,.<ty, _.;_s

meats usi_cj both stcac]%,.-._;tate ,nl_d _;i%l_h (Jmpu.l_o) sound souyees
are being pe_iforiilod. [Uo clate_ ._t:):eot-].c.vc;1setn]d levels _p.roc]ueec]
by typical VTOI. f.].yo\.'c]:shave }.',c.en _:_,]as_c.c'ifor s \'arioty of

situat-_ons, and th¢: _.c,.a.l.t., r¢]atud to a c_emparab]e open-fJe].d
situation. Th_ impulsc_ solln(l .qo_rco w:i]l bc used ]rl atter,lpBs to

" . bu._IdJ.rgs."ray-tr¢-:ce the _oLlno [)_Lhs amonc/ the scale--l::oc]el ' '

D:C. Wi.dnall's area of v.,o:_:h ._ros])on_.ibil'Lty includes ,qimula-
tions of noise -_ "-_- "'.....'c_az_.%.e].J...t±cs of V'20L ai._c3.'o,ft elemc:nts, for

inclusion in s:i.mu].at:[on }_loc]e].sof: t:2cbLm ]io.is(_'_].'o]]a_ohJon_ a}Id
V/$TOL veh';.c]c des.[g:_ .factor "[:):'o(tc:o]:f.'s ._:c_]a<::;\,c_ to operating

consBraints possJb].y iml_os,-'d by no.i.qe abc_[:cm'_ent]n-occ:dures or
lill_itatio_is. The lesHl[:s o:[ the: CJ1BJ37[! contract nffo]rts are re-

ported bJ-mont]11y by t.hQ two P]'}ncJ.pal ]h_\,c_:shJgate_-;_.

In.-hottse at TSC, to z,tlCinlent [:he cor_t]:_c:hec] work tlnder_.fay
at I.IIT, a brief _na]y.q[a examil_(:d the pessibi]ity oJ! n]:;plying

optical cl_f._a..t._on theory, tr_ the ca]cu].atJon of soune"_ le\,c._is
among b:fildihgs a:t si'_:e_t level. ;i.nsn tlrben erlviro;]me:_t, l_ithJs
ftl_ldJ.ng limihat',.ons avai]z_b.].e, fqr t]l_s sr.lal] effort:, a computer

program \,'as p_:eparc.d to calculate the sound field inside a two-

dim:_,_s:[nna] "ch_,nnel"_ represee'king the ca;lvo!'lbeth'ec}1 t%go tall
''!J.]dings, Prelimina_.'y calcu].atio_'_s (]emonst):ated the increase

•.; sound level from an elevated ._ot_'_ce," due to multiple, ref].ec-
t±ons from the building faces. Brief details of thi:.; analysis

are appended as Attachment 1 to this report.

2.4 Miscellaneous Activities at TSC in Noise Abatement;

Following inforr:lal discussions \..,iththe Director, OS%' Office

of Noise Abatement_ a very brief analysis was performed to

determine the feasibility" of using a microwave link to transmit
acoustical measurements from a number of remote locations to a

._ oentral recording and analyzing \,an. Three basic systems were
examined for such use:

_ a. mlcrowave relays

b. high-quality telephos0 lines
c. optical transmission links

A brief report of this study is appended as Attachment 2 to this

report. In sum2sary, it appears that all three of the concepts

are feasible, and could be implemented in a resonably short time.

_:i Reflecting the coordinating role of the Director, OST Office

:_ of Noise Abatement, in conso]_E_ttJng the no_se abotemest
!i'

.!
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activities fen: the entJ_-c_ Cej]a1hl,te.]_t, th_ 5.'a_]_Ha1"*a':;erfor th<:
"aHspo:L'tahJ.ol% Noise })_'ogrtlm _t|:'I'SC has eFI:uctivc:.].b,}>_gul] to _lei.

con_ _[,.It_ri(]ab_tonLe]]t ac[_ivihies _it.,_;a foc;ll ]-,oJl_t fo_: Dolse " '"

'fSC. A.q an e:.:nt0]J].c:Of thJ._, ro3c_, the 'lash l.la]_age]:%%as ac'hive].y
participated .in _:u_._:];Sl_Onsorefl at '.I',_3Cby l-he Urba,% I,:ass II]X_]]_]-

pod:tat\on Adm._nJ.qt_a['iol] .in "!_.._c._develc,plllel]l."ef trachc:d [:it
cushio:1 vebie].£_s. This pa:cltJci_:_atio!_ :i.l]c]l.]_![edeoo][.,o]-ahiot_ :].i_the
drafting of Poise: ].eve] spc.cifications fo_: thc-' TACV origina'].]y

intel]r3ed for _ise clt the Du].]es Ai:,:port Acce_:s and ].ate]."used as
the basis fo]_ two dev<-:]epl_%el'italconti"achs f(n.-TACV's fer unde-
te.rmJ.|_ed .-' -o_-._].t..,, p: rtici:DatJ r'n%:[.I-*two ]_ro])o£;_llova].ilatJol% toalllS
and m_tnagel;le_l't of t% stu0y congrnc:t (uncle%: l)[iI'].*2'\fulldil_.tJ) for t]_.e
analy-_:i-q of '.I'ACVnc,J so £ources 6uld c:haractez'istics. The detai.]s

of this cont,:act ,,.;ereJnc].uded ill _:he 9.'ecl%nical Prog._:u.'ss_eport
for Apri.]. ].9"11, and ]-*ee0 not. be ]:e],)eaLed here. 'i'he fins%, report

of that wol:h is due 35 Ou]y 19"221.,

3. 0 SI6:N.T.PICANT DOCLH.II_I_TA_'IOI_

No significant dodument_tion has been published to date as
the result of the Transpo?:tation Noise Abatement program at _'SC.

Formal rel]o_:l_s a]_e in dl'aft describing i:he results of noise
n . , :

measuremc'nt s i%_ the Lve_g].¢%de.,, \.he Airpo]'t Noise E::_gosure
Mode]. 14OD 4, add the _:esults of the *1oJse ].eve]. s[_rvey of l,ledford,
_,_ssshr.:husetts, end thc_se will be published early in Fiscal Year

.0 I_[[LESTONES

All scheduled milestones for the T}:ansportation Noise Abate-

meat program were met, as indicated on the attached l,_ilestone
Schedule. In general, it is felt that the entire program pro-

gressed well during _his first year of its activity at TSC. The

only major schedule deficiency was the failure to achieve all
the required ICAO airport noise exposure analyses by the end of
the fiscal year. All other schedules were met _as planned.

5.0 FINANCl._L M.A/qAGEMENT

See attached Financial Progress Report.

At tachmen ts :

1 - Brief description of acoustic reflection program

2 - Brief report of remote data collection systems
3 - Milestone Schedule

4 - Financial Progress Report



At Lachment 1

]b=Jef d_scriI.;,tJon of acou_{:ic reflection p_-ogram to

c.Jle_].ate noJ_;e ]eve].s ]:,ctwe_.n buildinu_;:

¶13]legeoillef;vy o_? i.:hei)r.ob]elll_s _;hoi..,m.i.rlFicI. ].. A plane

aoollStic %qil\,e J_; /nci_lent I.sposq thtD ch;_:_z]e] so that the r6tys m_J:e

an angle (I with the >:.-axis. 'lhe sides asld bottom of the chenne].

('_;ii,lul_itJngtile sidel, of bui].4ings and a city _txcct) a_:e assumed

to be ]lerfc_ct].y ]lerc_ :so that t)aey J.mposc_ u_on the acodstic pres--
sure field, _, the bo\n,d_iJ/y condition, Dp/_In = 0, where 3/;In
denotes tile ])or_ll_13de]7[v61t;[ve £I[ieach su)/face. '/']siscondition

deternsino,.: t]l_'_/:_i,as_C]la)ige ¢-¢:per:[enced bv the ?,,ave _t the :_ur-
face and couJd be rcJ.a:;ed to take into account inixed boun.dary

conditions vlihl] losses if necessary.

To determine the sou._ld pressure field at an arbitrary point
in the channel, :it is :no'ted first that the.re are at most four

non-zero contributions at each point. Denote the wave vector." of

the incident wavu by k = (kx, ]Sy). Wit]l the coo_;dJ.nate ares of
l.'icj.], kx > D and ky < 0. ]he four posslble contribuhic_ns to
t_le pa.essu:ce v;ill therefore come f_;om'rays with the fol.lov, ing
wave vectors:

%'ype 1 2 3 4

Vector (k×,ky) ('-kx, ky) (kx, -ky) (-kx, -ky)

II_ tile above set, wave types 1 and 2 characterize descending

rays, while types 3 and 4 characterize ascending rays that have
beer, reflected frosa the bottom of tl'le channel. The logic of _he

computer program _.s designed to deter_ine which, if _ny, of the

7; four ray types actual].y contribute to the sound pressure at any
point it, the channel for any direction of ±neidence. For' de-

' scehdi_.g rays _ point in OBC is in shadow for types 1 and 2. if
a line with slope m = tan 0 is drawn through an_, point _nside

this triangle, its x-intercept will be negative (to the left of

tile o_'igln) which corresponds to the fact that no point in,OBC
receives a direct ray. If a line of slope m = -tan O is d_:awn,

i it intersects the llne x = w in y > 0, which corresponds to the
fact that no ray reflected from the surface at x = w enters the

i triangular region. Similar rules can be found to show that OAC

.i receives rays of type 1 but not 2, while ACD receives both types
' I and 2. The ascending ray diagram shows similar but displaced

.... regions for ray types 3 and 4. Note that the incident ray
bundle ab is split into two diverging bundles v:hen it ].eaves the

:L/

:'i!



Cllani_]. Ilavinq detcrmina, d whit:h ray tyl_es a_-e able to reach

a pa_:t:icular poJ.nL, th,- _ ccuIG:_uto:_" can then t:a.lcu3.,'vhe complex
_k])litt_dc:,_; of _;he :l;'_:_s_.ilttflllt S0[I13C] ])I-C,,_£11X.G.

b

_,. Incident Bundle

a _ y,_ b _ Reflected Dundles

_///_ 1,2 I

B 3,

,, A
_, w _t

Descending Rays Ascending Rays

Figure I.- Reflection from a Channel



Attac:hinon t 2

]3_7;i._._f ::aport on ]:c;lilot-.0 (2_l_.'_i eol.'l.t_.ctic, l'i _,_;tt;i;i.q t

'l'J'i _:e e " "b_sIc systor_Is wul'e in\r(2st.[g,:ito¢1:

1 ) ;'licrc_;';-._,vere]._lys

2) }I.igh-qu_i]ity telephone lines
3) Opi ical traasmissio:]

Microwave Re ].a_;s

a) As anhJcipat¢-_d, a la]Tge 11u;Lg3cr of conlpanio.q a);'e .in a
position to su_;,)_[l.ymic_co:,,'ave ]Jnhs ;,,,Jth wide3,.v va:i:yiug cap_city

• J.lo.,,conl]:,aY_:[.e.;._ like C}: and Raytileo_1 that
Cx3, _ _.c% 11COmanilff_cttlre comp'l.ex and e:,:pcl]sive eq{uipi_en{: fo_" long _'_ ""

conmlunicatiol_; systems, to those 3ike AIL and Miel'owave Ass0ci-
ares that specialize in sn,alle_: and less contly special pu_:po'.;e

eq u ipmen t.

The two most intc,.vesting proi._osals v:ere ma(_e by those lattc_:

organlzat.ions, both of which :lave consic!erable experie_ce with
shorh range rnic_:owave 3:clay links. AIL has mn:cJ;eBed a Po':table

_,.icb was originally designed fo._z use atWireless /,iJ.crei.fl_one' '
the 1968 presidential con'veutions in order to t_'anem.it mobi3e

voice to the fi::ed-.calnera audio channel. They guo['.u ,zx one-way
,i._ll¢.s e/h UUU.

Mic_'owave Assscia_=es has no commercial syshem available,.

Howeve:c, they have proposed to assemble a system consisting of
six links to a central terminal which would relay one multi-

plexed signal to the recording van. Their estima£e¢i p_:ice ii%

:_ February was $66,000, remarkably close to AIL's. The II Wave
".! Assoc. system would be organized as follows:

ii

- Oscillator "_F" _'] , Antenna_

:', Oscillator]
[

7,' N channels similar to the above would transmit to a central
:_i collecting poin'_" on a convenient high building. This central
q repeater would have two receivin_ antennas, one for each 180 °

,:; sector, and one transmitting antenna. They would be conneched

,., as shown on the following page:

.>'&

_T

..=i
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From the rcponter the sic3nal v:ould be propagat6_d down to the
suitably located nlobile van whe3"e a single antenna would receive

the mu].ti]?iexed RF and feed it to a receiver which wou].d provide

six separate audio outputs col-respondin 9 to the inputs.

Multiplexed

P

Once the e]_ove system has been aligned it should give very

reliable, high quality service.

lji_qh-Qua].ity Telephone Lines

An inquiry with the New England Te].ephone Company rencaled
that it would not be very difficult to rent telephone lines to

do the job at hand - in effect this would substitute existing
cables for the ad hoc connections that might othezz_,ise be re-
quired, Telephone lines are available in all urban areas, They

have the following characteristics:

Response: +_ 1 db, 50-15,000 Hz

Normal use: High quality FM stereo transmission

Noise Level: -55 dbm

Circuit Loss: 20-25 db



(i.e. 8 db above? zere v_1, where

zercJ \,u := 1 I:.%.,,_21_600 ohms ah I.,000 ]Iz)

The he]cpLone COl,_/:,nl_yrep_'esenL:ative is _,Is'. Bob ]?J.e_Tee

(743-34f, 3). }le .':n0icatc:d that it would Sake tv.,ov.,eeks il,i_:ia].ly
to lay _]ut the circuit%. Su]._sequent].y, each ]]oo)'..-upwould re-

ql_ire 2-3 we_:}:_. for Jns t_*].]ation, equa] J.z_tioll , test. and
measurement. 'i']l(_rate:; quoted are:

Xl!sta].]ati_l $10.00

Equal.izatil,n, tesh and !iteasurcmen1" $15.00 ,

Use ch£_zqe $_.]0/mo. for 1st 3./4 mile
$1.85/itlo. for each additional .]/4 mile

If this service were io be used on a continuing basis, Mr.

PSerce thought that if'would probably be advisable to equip

the van with a special patch panel.

From the poSr, t of view of cost, this system is clearly

colnpetitive with any other.

One possibility for line-of-s_ght transmission that should
not be overloohed 5s the use of modulated laser beams. A num-

ber of suitable commercial equipments are available, the most

practical of which seems to be that manufactured 5y Heteoro-

logical Instruments, Inc. of Bellmaur, N. J. Their modulated
lase.v, ML-382, costs $275 and is designed fo._- voice and data
transmission. "['he laser is intensity modulated with a 0-5 volt

signal, and capable of achieving 100% modulation up to fre-
quencies exceeding i00 KHz. The frequency response is flat
f1"om D.C. to i00 KHZ so that audio FM moc]ulation can be used for

low distortion and noise. The receiving system for such a laser,

not including the receiving optics, is around $I00. The ML-382
is a helium-.neon laser which radiates in the red at a wavelength

; of 633 nm. The maximum power output is one milliwatt.

.: summaFz
:i
_: F,ach of the three possible data communications systems

discussed above has advantages and disadvantages. The micro-
- wave system is expensive. However, once operational it would

be quick to align, reliable, almost impervious to interference, :
:', and would pre_ont no environmental hazard. The laser system is :

,' cheap and easy to use, but only in clear weather. The hazard,

: though minimal, is present and la_:st be considered. Telephone [



l.inc_._: obviously offer a cheap solution with no comp:,_omise in
ual:ity. '.l'hc_.dJ.sadvantaqes a_:e primaa.-.il5, the long lead time
2equi_ro.d to sot al'_ l:hc .qystem in each location and :.'.t_col_dr_l'J.]y

the restrictJ.ons cn location .im[,osed by the possib]e lack of
appropriate telephone connect._ons.

It seems cer'hail_ ['h_It one or inor_.• systems fo): simultaneous
data collection fl'om latlltJ.p2te sites is fe.asib]e and could be
implemenked in a reasonably sho]rt time.



MILESTONE SCHEDULE
SPONSOR DOT/OST STATUS AS OF June 30, 1971

PPA NO. OS-07L0 ORIGINAL SCHEDULE Jul,/ i, 1970 _

LAST SCHEDULE CHANGE July 1,r 1970

MILESTONE ._ S O N _M.M__ A.___M __ITaskI: I !

AirportNoiseModelUsable _ !
CALCOMPPlotterUsable _ _ I i
ICAO Analysis Begins |

Mobi!e Van Operational |

ReportSmall Urban Area Study _ 1
f

Task /I: iBegin Jet Noise Research atMIT

Demonstrate Laser Sound , |
Probe Feasibility J

Task ill :

Begin V/STOL Noise Research i

, at NIT _ _ 1
eTSC Quarterly Reports

LEGEND; _ SCHEDULED INITIATION _ ACTUAL INITIATION
/_ SCHEDULED COMPLETION _ ACTUAL COMPLETION

O SCHEDULED REPORT SUBMISSION (_ ACTUAL REPORT SUBMISSION

T$C F 51t_O.I



FINANCIAL PROGRESS REPORT

REPORT FOR

SPONSOR OST/TST MONTH ENDING: 6/30/71

(PRELIMINARY)

PPA NO, 0S-07

Dollar Items Below Are
In Thousands

P.P.A Uncom- Total Han
P]an.ned mitred Accrued Years

P.P.A Cost Effort
Amount Salaries Indirect R&D EqOip Other TOTAL. Plan

& Benef Expense Contr Expense
,,,,," I

O_LIGATEO580 138.3 159.1 142.2 43,4 106.S S89.5 Cg.S_ SO7.07.2

COM,_ITTEO580 ,13_.3iSg.li12.2143,4 io6.5 589.5

i



l,;_Js!_[ ! ME[_%-*" 01"2" "iIb%!SPORT/.'r!{)_!

priOJl_LT Pl.Atl +'.GRF:_I,IENT

I, _9'Ab[O. :% ['PAI_O. RCM. IIO. AI:I':_C"i5PAGES 3, DATE:

ll-OS OS07 l 3-4 I,larch 30, 1971
4, TITbE_

PL'_n;;l:,ori:aties Noi Se Ab_temen t

5, "_i"Olt_OR= 7. TASK NANA6_RI

4':.Charles !:'ester, TST-50 ,Tohn E. Wet:for, TRE
Iflice_of the Secretary of DOT/Traespo):tation Systems Ceuter
['ranspor ration 55 Bzoadway
I00 Seventh Street, S.W. IC.:unbrldge, Massachusetts 02142
_ashing ton, D.C. 20590

:202)426-,155u (Al-_L)__4_,!_2_,__D .........
6. SPD}ISOI'I NO.: 8. RELATED I'PAS;

,9. EP,IE[: THC.HNICALSUMMARY:Ill cooperation "with tile Office of Noise Abate
meet (TST-50), the Transportation Systems Center will undertake a
aodeling and field measurcmeut program to produce quantitahivc de-
scription of community noise resulting from transJ)ortation systems
hakJ.ag into acconnt the phenomena of noise generation and propaga-
tion; aDO assessing possible means of supressing or reducing trans
*o_:iation generated no_sc. In addition to a va2:iety of specia.]
nalyses conducted for TST-50, TSC will uDdertake the computer me-
el study of a selected city and sample field measurements to val-
id_Ite these results. Research will also be undertaken to develoo

.......... z,._,,_ tO OU_ u,_£ ._ u± g of j_h turbulence and sheer
ooundary parameters associated with high velocity jet noise. Fin-.

_lly, TSC will undertake both in-house and with contract support,
sttldy of V/STOL noise to delineate the area of most promlslng

_ay-off through noise abatement research.
10. RESOURCEREOUIL'EMEHTS:

FY71 FY FY
DIRECTMAIIYEAR$ 7.3 '

,=.

,, $ALARIE5 & 8ENEFIT$ $1[ I_8.0

,' MAJOR E_UIPMENT 51.0

_i R_SE_RCHCONTRACTS 142.0
IH-HOU$E SERVICES & OTHER 60.0

IHDIRECT 171. O.

TOTAL 580.0
I

Dy, ',;, /
Director of ix'_ctor_Office of ,Noise:

TITLE; "2ochRe logy %hate!_ant

....... __ -- #: 1OF4



T_sk _1 - U_]_J t;_)_e a mo_]eling _nd field mea_L_'rment pl:og]_am to
ass;[lll_la_:! arid osseous cemmLleity soi_e.saused by t_'nns-

port}Ltion systems -

a. p_ogram and exercise TSC digital computers to

quantify the micro and macro noise environment of

Ln_ urban center" (p_:eseribed by TST-50) and compute

projected noise envlrenmeuts as influenced b_: postu-

lated noise abatement alternatives. (Basic computer

pl'ograms in Fortran IV are now becoming availa.b3e

neder cor|tract DOT OS-Ag-018.)

• b Expand upon and refine existing theories of sound

propagation under conditions of complex urban

activity and mitigating structures, terrain and

vegetation.

e. Acquire and equip (with TST-50 concurrence) a high

quality mobile noise laboratory with portable equip-

ment that will be set up at numerous sites within an

urban center approved by TST-50 for the measurement

and monitoring of noise including acquisition of

visa31 data and pertinent tKaffic flow, googl'aphic

and demographic data.

d. Acquire noise data as prescribed by TST-50 to

quantify such relationships as highway traffic

flow parameters effecting roadside al_d community

" noise levels, highway terrain and'vegetation

parameters modifying no'minal bighway generated

noise levels; airport operational factors effeshing

nearby contnlenity noise l_vels; overall city traffic

flow parameters effecting ambient urban noise levels.

Task 2 -

a. Initiate basle research contract with MI"T "(Pro@.

LeW__S...approx_-c$-35K)wfor _e investigation of fluid

dynamicturbulencemixing parameters effecting

• noise generation at high jet velocities.

b. As a supporting effort, utilize TSC optical insL_'u-

mentation in conjunction with the ongoing research
on jet noise. TSC optical assistance is to aid in

the mapping of jet turbulence and sheer boundary

parameters for correlation with MIT acoustics and

fluid dyl*amics e:_Perii_:entation.

0S07-I page 2 of 4



c. P.[,seci ,epon ti%e experience and t;. nlng l',er above

and as que.lificd fluid dynamics personnel, can be

acquir(._d, develop independent p):•ogram proposals

(Jk)r 'l'._q'-50approv_].) aimed at basic jet and aero-

dvnam;-' noise abatement.•

Task 3 .- ULtdertake eoatraet studies ($75K) and in-house analysis

of V/STOL noise to ascertain areas of ma×imum payoff

through noise abatelllc:nt resca_ch.

Each of the previously discussed tasks will start as soofi as this

document is approved.

13. .]INTERFACES :

The interface pl'oblem in this program is substantial and will re-

quire close direction by the Office of the Secretary, Office of
Noise. Abatement.

14. _qCHr.'DULES and DELIVERABLES :

Task 1.a. Begin dialog with DOT eontrac£or,

!. 1 September, 1970.
- Airport'Noiee Model usable at TSC,

1 October, 1970.

- Highway i¢oib_ i.lud_i us'=bl_ at TSC, "i
1 July, 1971.

-Begin ICAO airport analyses,

1 February, 1971. i
- Report resu'its of ICAO airport a_alyses,

1 July, 1971.

- Perform airport analyses, as directed by TST-50.

Task 1.b. - Begin study of expanded model needs,

i I October, 1970.

:; - Report results of stuoy, :

1 •July, 1971.

_._ Task l.c. - Begin procurement Of mobile van, . ..

,_ i September, 1970. C: - Van operational, [.[

I February, 1971. ,.

.i_ Task i.d. - Select suburban area for noise survey, .[..

• I February, 1971. _
- Begin suburban area noise survey, .:

1 March, 1971.

- Repo_'t results of suburban area noise survey,

1 July, 1971.

OS07-1 page 3 of 4



Tiksk 2.a. - Begin (lJ.scusslon_]with l.IIT,

] ote1_ber, 1970.
•- Aw_,_d research coutracts,

1 February, ].97].

- Report results of rmseal'ch bi-r_onth!y.

Task 2.b. - Begin £eas_b.i±ity study of sound probe,

1 August, 19;70.

- Report results of feasibility study,

1 July, 1971.

Tank 2.e. - Begin recruitment,

i September, 1970.

Task 3 - Beg.in discussions with MIT,

1 September, 1970.

- Award research contracu,

1 December, 1970.

i - l_eport results of research hi-monthly.
- Begin in-house study,

1 Janus,'y, 1971._

- Report results of in-house study,

1 July, 1971.

15. PROCUREMENT:

:_rinc,i'pel items discussed i:% Item 14 above.

MANAGEMENT ;

This program will be m_nsged by the Mechanical Engineering Division

of the Technology Directorate with assistance from the Computer

..Division and Electromagnetic Division in response to technical dir-
ection from the Office of'lqoise Abatement, DOT (TST-50).

17. REPORTING METHODS :

Quarterly reports with reviews and presentauxons as required

..2_tr_t.m_por.t - draft copy - June i, 1971

- final copy - July i, 1971

0S07-I page 4 of 4
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l10T-O,C_-A9-018 ] ,q_'c: 2.

s e.cLL,L"i_ u_:..2_. 1_(_po2_: uccl:_.._:si f J (_cl.

]_l'OCk!rc!rzI¢_TIt ['Jc_(.ilt)d; _f)ILtF;)CI .- Cost PILl5 l_ixe_) Fee

_'h|cdlflcati.otl to eOlltra(!t si.gned 1]/]9/70 illcre,g::ecl ['he c:ost by _16,270

rat:_s during Fy.-1970.)

Modification to contr,_¢:t signed 12/3]/70' increased the cost by at, additiolla|

$80,000 and coveted a*l exp_,n_io:t of the scope of Tas]: ]. Lls_ng the Ai_-crnft/

Airport mode] developed for the Ba]t_moz'e 14ashii_gt:on t.let_;,po]itatL Area, the

contractor, iH cooperati(_n _:ilh Lhe Tran.']|)c)rtat_ollSy.qtCL:tSCollier, wi]]

c]evelop att(] ilnp]culellt a L'c*.sec_rchartd dei!lOll_Lr_t;_(,n pt'cgz-;Jm to me;tsure and

evaluate an uz:ban ar'e_ in the Boston )Ietz'opc,]itar_ ArCh, and the*'eby validate

and provide more eollfi_]enee il, the methodology used for- ev:lluating uoJse

exposure _n LlI_ba*l_.re£_s.

_z
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Upd;ited Harch 197D

t2o'_:9_',:f_9_-_c)! C,_

..e,tat't Date: 02 12 68

Estimated Cor=,vI_eLI_On..D(LL!-: 08 69

Kind 'of _epol-t.: He,,;

l'er_ormin_Or ;an_zatio,,: tlntve_'s_ Ly o£ Vashtngto,_
SesLtI(."_ _/a_h $.ngt;on 98105

Pt'_=fncipa!_!=,)5,e_:StJ2,:_,to_r____nj.q:Dr, James b. Chalupnlk, Associate Professor

Department of Hechnnical Eng_neerln_

RespDnalhte Government _O_±L_,mtt_!,_._h'ai_nq: Depa£tment of "fransportatlon
Asst. S_cretary for Research & Technology
Off_ce of hoi.,e Abatei,,ent

800 [nde}}endeace Avenue, S.H

Washlngton _ D.C. 20590

|lesponsible Government ]ndLv_hla!, Nanlo: Paullln, Robert l..
Chief, Regulatory Policy & Standards D_v.
Off£ce of Noise Abatement

kK'ey Words: Criteria for measuring and evaluating trenspor_aclon noise; sound
level scales; subjeetlve response scales; laboratory testlng methods;
field testing methods; unified noise rating systenl.

'.%'_tle:Evaluating the No_ses oE Transportation - A Symposium on Acceptability of
Criteria for T_'ansportation _1olse

Summary: Define and evaluate the noises of transportstlon with aft overall goal 6f

defining the requirements fo_- unlform cr£teria and objectives for trans-
portatlen noise abater.lent. Identify and quantify the parameters which
eharacterlze differences in the annoyance levels of dlfferent sources

of transportation. A thorough understanding as to the application of

differences in noise rntlng systems shall 5e developed such that an

ultlmate solutlo[_ of the noise rating problems, i.e., the unified noise
rating system, will result.

Resources Estimate , Funds: $24,402

Security of P.eport: Unclasslfled.

Procurement bIethod: Contract.

Other Fun¢_s Z Aq£r:e_es: _I/A

:_ FISa| re_ors received ".larch1970,
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/_I.:!kc,._L.-.t':_!-_o/,o

SA_,rL&!n.t'&:OJ 04 69

P£#IjLn,5!3.._!..C.n_ntpz!E#iLon [2._.Le: 09 69

Kl.nd _f ,K_#or! : No_.'

Performln_. Nr_z_ntz_tio.n,- Name: Bolt Bcrauek _ Newman
50 Moulton Street

Cambridge, F_ssachuset ts

Prlnelj_al Investi_f_tor, Name: Franken, Peter A,_ Vice President
Physical Scleeces Dive.sloe

Resprmslble Government Organi_.at:ign, Name: Dep._rtment of Transportation
Asst. Secretary for Research & Technology
Office of Noise Abr;_ement

800 Independence Avenue, S._4.

Washington, D.C. 20590

.Responsl.ble f;overnment Individual, Na.me: Pau]lin, Robert L.
Chief, Regulatory Policy & Standards Div.
Office of Noise Abatement

Y.,eyWords: _ass transit tall systems (suh%,ays); acoustical measurements and
8tudles; matrlz of the acoustlcal environment.

T$.tle: A Study for Research and Reporting on ,_$_ssTransportatio n Systems
_Subways) Acoustical Environment.

)I Summlrv: Perform a study by reviewing available technical reports" on the mass
transit rall systems now in exlstenca in foreign clt_cs such as Toronto,

•: Hsmburg_ London, Berlin, Paris, and Rot'terdam. S61ect seven systems that

appear to have the lowest noise levels. ,Make acoustical measurements

and studies of these systems so as to complement existing data and
provldc addltlonal data necessary to present a complete matrix of the

_! _eeustleal environment. Analyze the results of the studies and tests
< and Identlfv the parameters that define the systems acoustical environment.

: Rank th_ systems studied.

I

Resources Estimate, Funds: $16,778

Seeaurltv--o£-Re por t-'..-Unclassified

ProeL_rement Method: Contract - fixed price.

Other Fundln__Agnne ins : N/A

Final _epor_ received February 1970.



CIFF:[CE OF Y_O]'.SI_ .tBAT;:;I;_I_,', T!:-T-50

DOT..O..q-.At."-0 _,6 :

Dnt:,.' of. ngrc:e,',_nt:: ;'_ _i,_y 1969
T_:rt_lfor whJ.ch a[,.,ree;aenl: is effective: f Complete: Deeembur 1970
Put?one: of agreet,_c_:et: SLlpporL gh¢: c'n.'%_ileeringd_vclepzient of

eelectable gl£d_; slope computers for
ope_'e_t£onal ev,_Ot.,atlonusing -rfu%aircraft.

Fil)C*l_e_.[_ldetag.ls: 0.50,000 for _h_ l,rocurem:,n_of 25 eomi',u_ers
6t a ra_e 0£ '_.pi_ro.'.:£m,nt'ely2 units per ¢...outh,

Of£icer ma£ntaln.lng'coguizanea: b',r.Ch_,rlee I_. %':il/.lams.

hOT-OS ..A9-072: -

Nam_ of other agency: IIUD
Da_:e of agreun:_-nt: 2 _; Februc_ry 196_
Term for _d_ieh a%r¢:e,,_entis effenglve: Complete J_ne 30, i9"/O.

E%Irpose of agree._mu_: Pro_Id& f..2n_ t,_ f&eilig_te add extent |{iJD'_

reeearch in eondtte_ing n _.er."-esof ;,._:.,'._opo_ 4.K';_%
A_*:eraEt Noise Abateca_t_ti'ol::.eySuudies (_;'.2:A._.,._

Finoalalai details: Joint funde'd e_.2ort - $I00,000 DOT/$100t007- H}[,.

O_fle_r maln_-ainln S COgl_Izance: l,_r.Cia,trles H: Williams.

DOT-O_-A9-0_9 :-

h'ame Of other agency: FAA
Date of agreement: L7January i969
Tare for _.lhlchagreement _s effective: e_'0mpleteDeee_..b_-r31. I_69.

Purpose o_[ _greemel)_: _rovlde f_nonei_l :n_pDort for a'research 6.n"
development eff.mzt to e:ramine the proble_
associated w£th VSTOL no£se characteristic;.

Th&s. effort is sn extension to an ¢xlsttn F

coati'act b_.t_ze_n,FAA and Wyle .Laboraterle._..
F_maneJ.el details: '$40,O00

. Of_lee_" m_intalning cognizance: Hr. Charles H, Uil_iams



9July 1969

DOT-OS-Ag-II8

Stext'__m_t,!: 3U 06 69

_grform.lri_O_r_n_zn_!_._n._.Name: Un_.verslty of..California, College of Englne_rlng,
Ozf_.e_ of Research Services 0 Berkeley,. California

_?J.Dq.i_p_lInvesti_nato___r r]?cofessor" Ro|>erL:I1_ronJ'cff
O_f£ee of Research Servlce_

.A.Ali:eznnte_nve_t__fa_@tOr: Pro_es@o%" W. W. Sorok(L
Office of Research Servlce:_

_le__nf_.q/,s_i.b|.e_o'._e%_m_nt O_r2nD__zat_on_ _]am__e Dcpartmei|%" of Trnns|_ortatZon

Asst. Secretary for Rdseareh & Te=l_nololy
Off,.he or!.Noise Abstemen_
800 Independence Ave. S.W.

}._ashlng._on,D.C. 20590

Respons151a Government. IDnd_v&dua!, Name: PauZlin, ?.obert L.

Chief, Regulatory Policy & Standards D_v.
(_££ce of Noise Abatement

_BY Words AlleViatlon (i_ environmentaI nolee caused by transportr_t'_on systems;

developrmsn_ of criteria for evaluating th_ acceptability 0£ traasportatto_
noi_a.

_T_tle: Impacts end A_1_,y_a_£on of Trmospor_ion Noise

Su_ar_: lYmke spe.eif£¢ contributions to _xisting kno%:l_dge about the tmpac, tot
¢_anspor_ntion noise on community, physical, _o=la_. and economic _nvlron-

_Ient; .£urthec explore methods for reduct;ing trcmspo'cl:etLon noiseb),

anaiyzlng their effectiveness, Impae_ on system per£or_.an_e, cos_,
_oanli_@.litv, ard econorale deslrab£11ty; provide urban p_anners, =vans-
por_atlon system planners and operators, aco'm;tlelans_" govern_anta_

agencies and others w_th better meesures o_ _he community _ost of

_zan_p0r_a_i0n noise, and t;ith better teehn£._ues fo_ noisa @11evlatlono

Rcsou_cee Es£1_ata. Fund_: S125,466

Seeu,r_ty.,cf "ReF_ort_: Unclassified.

_.oeurem_n_: Method : _on_raet.



30 April ]970

DO'_.OS-00006

Start Date: 8 IO 69

Estimated Completion Date: -30"++06--_0 J/ 7'_ Z_

Kind oF Repel+t: New

Performing Ouganization, Name: National Science Foutldation

1800 G Street, N.W.

Washington, D.C. 20550

prinuipal Investigator, Name: Wallace Waterfall, Treasurer

Acoustical Society of Amariea

Responsible Government Organization, Name: Department of Transportation

Assistant Secretary

foq Systems Development and Technology
Office of Noise Abatement

806 Tndependence Avenue, SW

Washington, D.C. 20590

Responsible Government Individual, Name: Robert L. Paullin

Regulatory P)licy and Standards Div.
Office of Noise Abatement

Key Words: Research in noise standards

Title: Formulation of Noise Standards

Summary: Support the continuation of work by the Acoustical Society of America
dealing with the formulation of acoustical standards. The threa

standards committees of the Acoustical Society (S-I - Acoustics,

S-2 - Shock and Vibration, and S-3 - Biuaeoustles) will _eport

upon current engineering and scientific research designed to provide

technical bases for speeifyin_ standard methods for the _easurement

of noise and vibration and deflningacceptable limits for noise and
vibration by transportation equipment.

Resources Estimate, Funds: $21,400

Security of Report: Unclassified

Procurement Method: Interagency Agreement



.] 7.At,,'i L- . 170.

II Id ._. ,_:cq_te,.berlC}TI)
DOT-.AS..(_O01 t;

Start Date: 15 I0 69

Estimated Comp].etiorL Date: 07 20

/',ind uf Report: Ne_q

P_e.rfoFming Or_gf!n___z_at__i_o,_,,N_ame_e.: U.S. DeparLment of Co{l_tterecz
National Bureau of Standards

Washington, D.C.

Principal Investigator, Nnme: Paul J. Brov:n

Chief, Office of Vehicle Systems P.esearch

Institute for Ai_plied Technology: NBS

Respoosible Government Organization, Name: Depart_aent of Transportation

Assistant Secretary

for Systems Development and Tedmo!ogy
; Officeof NoiseAbatement

800 IndependenceAve.,S.W.

i Washington,D.C. 20590

: Responsib]e Government Indivldual, Name.: .lohn-C_-_oar-Las- W. Harry Close
:" Reseat eh Divlsiou

Office of Noise Abatement

Key Words: Study of tire sound generation

Title: Tire Acoustics Program

_Jmmary: Determine through a study of tire sound generation whether the

variations between tires can lead to an effective acoustleal gradingC

.of tires. The two distinct areas of investigation are: a) the:I
physical distribution and characteristics of the souEId generated by

a representative range of commercial tires under various conditions;

and b) a comparative assessment of the auditory responses to typical

_i noises generated by tires. -- The use of NBS facilities and expertise
:" may provide an inhouss capability for measuring tire noise that could

! l'ead to a federal rating system or a regulatory procedure for limiting

tire noise generation.

.Resources Estimate, Funds: $50,000

i Security of Report: Unclassified.

i Procurement 5[ethod: Reimbursable Agreement.

Dra£ _. repot: £'eee"ved.

<
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($ in o00)

{_.nforcelliellg [_l'r_!)l{eP, IS eF,c:OL!ntered by s{ate
al}d local authoriti(esl.:illalso he c×a:ained

to del:cr_nille ar'eas of possible rt_finemeu_
alld iruvwative l_le_hodsel: iioisehle_IStll'C.IllCllg,

The propos(._d_.:orkwill dc.n:cmstrate!inp1"oved
Ileise barrier design and i;oise (.anl'eorcemollt

ms('_st/rcmollt techniques,

c. Research ell Noise Generation ¢,;ecJlanisms $450

This pl'ogram will enhance the basic I:ncr,.,'ledge
needed for ftn,th:,r ul:derct:.-mding of funda--
lilelltallloise gc.neratio,_ and propa!latiol_
associated wii:h jet noise, V/SIOL noise
SOtll'geS_ and ill{:el'llal C(}lhbUStiOll en.qine
noise. The program wil'l he supported both
by .qran_s to appropriate universities and the
development of an in-house capability at tile
Transportation Systems Centre

d. f_o_se bleasurement, Analysis, and Inf,creation .$50U

This pro.qram will provide further refinement
of techniques used to measure transportation
systems noise in metropolitan areas. It will
further.provide additional in-depth analyses
and rofir, e:;_ent to mathenmt'ical models previously
developed to assist transportation systc_1 planners
and operators_ It will also provide incremental
support of a sephi#ticated noise information
retrieval and sire'age sysI'.e,m.

e. Airport Noise Rpductioll Program $8_245 _ _"_

In the absence of additional advanced noise
l-eductiollderv_ice'sand techniques, current
and futur_ aircraft will produce excessive
airport noise. In order to erhance cmnpat-
ability between tile airplane and its airport

IR-,,.,

Revised
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r_eighhors) th_ r_:_,(!ol,ch alld techuo!_.,!_y
pl'o{_l'('ml For I"O(IucinLI _:it'!v01 t IIL_isc IhUS{i

be h_Oved fo)'r;.n'd w i _'h _;l I del ibera L_
Ui"fJf!l'lCy. S(.iV(:l'ill IJ!'LlhiJb]l'i(! II'O[IiO(JS of

abatir_g noise _,i'l/ he pursuud vi(y_rc)usly.
I f poss i bl c,, i r,',r,',,,::_:ivo mrrLIlads ;: i 11 be
dev_lflped cod lesl_:d to cu:n;_len_:mt or
replace l'novm Lechno'Ioqy. Thi;. werl" will
be entirely ccm_ple:,,cntars;'to Fed_!ral
Aircraft l<oise Ahatei_leut progranls.

(1) F.xhau.gt r:oise SUpl_r.cmsor _ 3 , 000

)_11ol'dc_l" to p._'ovidf_ siql'f'can_ i)ois, e
SUl_pression for rurr:_nt al_d future
a'il'Cl"(_'F(:) SUl>Pression devices must be
developed that have _.he l_,,)tentin, l of
substantial jet llOiSQ l'ed_ictioll, l'o
achieve this d:;qree oF engine exhaust
noise suppression, the f_asibility of
developing efficient multi-tube nozzle/
'I'_ll(:d o;ioctor l_ois{. ;;ui:p_'(:_;s_._rs l;:USi; l)e

development c,f ti_eory and e:,_l)'_r;ca! da_a
for this 1,ypo clf Grvi;;e COI_LI'O'I throufll'_
analyses a_,.l tes_s of: tube six(.', shape,
spacing ) ))u,!be:" a nd 1Prig _1_, cool "ing 1_l_tllods,

•and ma','erial develop',!;:u')t, Variables" of
ejector d_sign, such as area ra_io, length,
and acotlstic lining properties, will also be
analyzed, This work '..'ill be initiated with
scale model suppresser development, but will
lead to full-scale dcmoi_strations.

(2) Structure and Turbul_nae Investigations and
RElated Demonsbrations _-_f_ 1, _-/FS"

experlr_,enta, studies willTheoretica\ and "" "
be initiated to determine the overall
structu_'L'; tur!'ulence levels, and noise
sour.co clistri.';v_ion in jot flo_':s to gain a
more complete understanding of the mechanisms
by which noise is generated, l._ithout such
understanding, noise reduction must be pursued
Using p.n'ely empirical a'pproaches to suppression
and engine cycle -'han'.;es. This effort will
inv,.:l,.,_l::"-'oratory-r.dscale :'c<_elr_.-',e_,rcn.

' 'I'R,.3_
Reviscd



. DEPARTMENT OF TRanSPORTATION
FEDERAL AVIATION ADMINISTRATION

FY 1972 - Congressional Submission

b. l_'3r_vl.ro n|2_c n t a I Qu.:___i[i t y P£ og r a=_.k(Noi_ e_.Suppr e s_i on_ ,,.-,f'_ ..... "_

Sonic noom, and Ah.craf¢ _mis_;ioa) .... ............. _$3,500, 00o1)

The objecilv_ of thes¢_progralu_ arc to: (l) aHcvlate th_ aircrnfl noi=e

p1'ohlen_; (2) 1'educe the intensity, and adv_rsc _ffcet:_ of th_ _onic hoo]n

phono:_ena; and (3) 2nitigate the t/feet of a.ircraft erninsions on the onvlron-

mont. Efforts tb he aecqmpllshed arc:

(l, Noise S.pprossio:_!")

(a) Source, S_,OO0

• The work will involve'inveztigatlons into the parameters that cause

or influence the actual gcne_.atlon of noise cn_anating fro m aircraft,

plu_ devclopnleat of guldalinos for changes to the engine hazdware

to minimize this noise. In addition° the effort will i:lclude develop-
meat of equipment or devices necessary to ha installed, attached, or

actu_tlly built into engines.of varlou_ design_ to suppress that noise
which is generated. I:_cluded are studies to improve teci_niquos of

i inoit3e'rncasurernont, data reduction and analysis, plus refinement

of yardsticks for evaluation and rating of various levels of aircraft
nOIBO.

(b) _Trannmiasion P-_ths, hi50, 000
i

:i Thitt program concerns itself with efforts to miuimlzG the noise by

! proper coasidoration of the paths the" noise takes to travel froh_ its
_'" source to the receive_,s. The work will irtvdlve development of

:' optirn,-'m safeop_raclc.aaiproccdu=es d_ig_:cclto:ni:Hn_i=cn:-.'_9.
The'_tudies will c_'/_z" the aircraft por:'ormance characteristics,

the s_di:t_"a_p¢.,ct_oi noise, a_,aten_on_ _,rorudu.-e,_, as well as t.t_e
- " "" " Ar',_ g:',au'_%_l. nOl_O o._:po_ro that r,_._ult_fro:_ ..'ario_.;sf:i_h_ r:'_ttl_=

353
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II_:'_-_t,'Ll_,:l:t L) :J. _'('(!_'i:t,t: :'h_] ;, :];";J ;j l,)t:_. Y* {]:_,'.JJ_t_t_; (,,7 !!_,,:

)'_J'():,Ii,:)t_: t::',:,'_ Jhl" _';_]t:::[iOll ;.J_ll }'_:t]lll_ _d" \'.la'i_Jtl!; Jt_;'t':l_, _,f ;;_rc)';!i'(

hDl_.

(c) !\':._:"!Y_'-L-O!L'.'_'_''.._:_:?'_2L_L"):._!:+;;22c,0c_
/

+drc'c,uJ_ lio_:;L, trod t];_ dcv_Ocq_hv_l+_ o_ [ttddcline:: '-'o_ + plat]_il_/, ten" an:.l

(d) .{;Z,..!,_u_+_,'!!5,1y.,.! !:.:.._'!!,I,+cL,j,-_Lo

'.r'}lJ:,i c_q,lqc _+ Jt:vt_),'_:t:;: .¢:_'!;!¢'IJ+_!!!C_;_+_" rN" ;_]] fact:t_ c_f J]tt_ _ircrnfl:

]IE,!_;_:;)h,'[_:i+!,:I:!+yl, I'_'Y_':. J C'I I )C,'!_ t_coI}cIIllic, SOC_], cI]_!]'P-llol_,_l_

;;n,l n'o,, I, ic., :,_;l,urt::¢,f I];c:in<,I,)e_ ;J_'o qu;mti.ri<_d ;uld/c,'. clu;tIHic_d

(a) Sonic 13aeon, On, ClO0

-7 .................J.'_ .,ohio },(*olJI cc]'l].ic;:l_on _-e:_,._arc:h p'+p .'.'_ is n_c.ded Lolh to develop

tec]iriicn] ;ll_*l '_OC_;Ii (']'Jt_l'_c_l_ re,:".';o11]c]Jt):lha lil_i_l_:_ I}_ht la_tl.';l I._(: (!_llJiJ.*Jil(t_-_

in ;_c('o_.d _.,ilh ]:+ul,lic I,aw ¢)C'..llI, ;tnd tc_ fo]'l_l defiv, itlvo guld,.,linc_s upon

%%_}IJC_TM. t(i h'.S'? r'Ot.'_!:'_!:_?r_! [ _ .. I ill(}i!!;I)'_. ' !lt'Q]'P_'f' fc_)" {],f2 )'i:.f,%_]_tic.?_ .",f *ft_l!*'_t

8ll]lOl'l;(illJ(:0.'"lran;;ollic covltlnui, ci,ui aircraft.

(a) Gm_LL{r2_nLL___}_£UE&,___th!n,$500,000

i '.Ph]_ $;t_l:,progx'_ is eoz_cerned with Iho. l*educllon ;tnd centre] of sonic

boom I_), aerodynamic design trod thd ]llvestil_ation of p:_rameler.n tll_t

influence shock wave generi:tic, n and prr_pagation.

(b) ]3.V2mm)3 ¢_:,F _;._,nLE_ ,__ _t00, 000

Thi._ v*o)']-,invol'¢e_ inveStigatlon intc_ ibe psyehologic_1, physiological

lind sociolo_,ica] /'acto!*s and thra _llJel._,.g'_glon |J0J%,l(t_n tlle_qe a'd :t'elated

to Ihe (:ffccts of sonic boom upon peul)l_ allfl col_ll_lunit_og.

The objective of tl)i_ 9aogram is to detoa'l_irla short alld long-range
effects of aonic boom cut wild and domestic bi_'ds ,and animals and

aqualie llfe for'|lls,

(d) Structural Response, $125,000

The effects of isolated and repeated sonic booms on stx-uctur(,s including

g]ass bre_.'.-cag,, TM will I.m ;.Iivc'._tigPte..L Incl,.,d,ad in the pro.':.:.!-_ i_ il'e

¢levc]of, lT_,'nt c,f tJlo :.pt:,:ia! in_tv:trg;a:]t_tlon ai:c! 0llnlye_'. r:loth'.tlg rcq_:i:'e:!

to prc,pcl'ly cv_ltk:.te I_ spoll.qt, [0 :_,'_It_,? J;oo1_15 and $uperlao,-,wt_.
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{3) Aiv_'<af: _'_ll'iS,,iOl,_, _;'_)(], qJl'I_

0,) .'D'__,_,_.*_,_2_*_._..!_:'_.:.'._,2h_._.,..52o2,_._'9_

"J'h_.s w¢_z'h ,h'*c]t_de;';. Jnxe.,'+:_':t[on o.r |he (:ifuct of en_jllle emi_;_O]lS ,'tt

]n'occdu_'_tt modi£ica:io!" • '._ :'acluct! polJution a:ic)'Lbg_b].c to uia'cra£1. ;and
at=.cx.aft r,'.'lah:d acllvltJc::,,

(b) Recci..,e_, (tim-nan, Anirr.,al, E.volor,{ienl), $150,000

.., . , ,

Invca_t]gaticma v.,'.']l h 0 n::..;"" ,.,,:h;a: *Ills subp_.oga.an_ on the eCfecls of

exposure ¢,[peopl_ to c,_-... ' . ;..ms of alrc_'af! m_glne emissions.

Sl:udies also will include tile c/feel of various concm_tration_ of such

(:missio::_ imd f¢lll-out ol pa1'licul_H'_ n%a_teW on pljope:ety as well as

on the e.cah',gy.

J
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DEPART_fENT OF TRT_NSPORTATION

Federal Highway Administration

Active Studies '72

Study Title Type Current Fundin_

Field Evaluation of Traffic NCHRP 50K
Noise Reduction Measurements

Relating Highway Design and HPR

Environment to Abatement of (Msryland) 42K*
Traffic Noise

Pollution of Michigan Urban HPR

Atmospheres by Highway (Michigan) 28K*
Generated Noise

CommLunity Noise Survey and Administrative 17K*
Evaluation

Traffic Noise Near Highways HPR 12K*

and the Effect of Design and (California)
Environmental Variables

*Federal funding = 70%

State funding = 30%



DEpAI/';'_IENT OF TRANSPOIITATION

Of fJoe of the Sc,cret:_ry

(Oi!flee of 2.,_eJ._eAb,'Jtc.,,e_Ir)

.I'22'.i[!:-i2Afl-'At-l--q s£yio:7- Crade

Db'ector 3.301 17

f_ecvo t _ ,'y 318 9

Ch[,.,f, )"l;ma & Prn_.ra_ls Div, 210]. 16

P re_.,rc*m AI*_I 1%'s t 3115 ill

Chl_'/, Re/,u].ator_, Pot:icy & ,qt:cls.DLv. 1301 16

I')]'*C_,'ll_:iDI_.S !{e_;ezil'ch AIIDly:;£ 1515 15

Secce tary 3]8 7

Chief, ResePrchDlvls_on 801 36

Nc,:hnn:Lc ;d EJI_h_eer 830 15

C;en,_ral Enginee l" 801 1.5

Sucretary 318 7

: Pe¢|ei'a] AvJatio_l Adl!lill:[_st_':Ai.un

: Syst¢_Im_ P,eseat'ch ai_d ])eve].ol_i_.ei*tService

' (Noise: AbaLc,*:_enr ])L_.':[sJo_I)

_Pos.ifiio_2!.Ti___.:!e. Se r ie s .Gr_ad.e.

:-: Chief 861 16
Secretary 318 7

Program Alla].yst 365 14
i E

Chief, Aircraft Noise Branch 861 16

}i Aerospace Engineer 861 15

AerospaceFsglneer 861 15

AerospaceEnginer 861 14

Chief, Sonic Boom l'.ranch 861 ].6

Psycho]ogist 180 ]5

i
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Transportation Systems CeL1ter

(El_c troue ¢..h.:!i_rr:a] Brallcb)

2osl.ti_9.n.J[L!:i_ Serles Grade

Chief (detail f1:om Coast Guard)

SpecialProjecLs OffJeet" 301 14

l._echaeJ.cal ]_ngloeer 830 14

Meehsn Lcnl Engineer 830 .1.3

Elect _ollies En [_illeer 855 13
EJ.ectros:le_1 Techn:l clan 856 ii

Engiseel;_i,g lee) lle.i*n 802 3.I
C]._J:h-.Sten o 301 5

Federal Av:[ation Adminlstr_tion

Office of Envlrom;lentel Quality

The authorized staffing for the FAA, Of 61ee of Enx.[ronii:ent:ll Quality includes

Defense, responsibile for envJrc, nment:l/ re._:ear_h (no_se told pollution). There

arc 3 - C,S-.16s; 7 - GS-]5s; ond i - GS-14. l)iscJ.pltnes repr_!sented in these

positions are: systems ;]nalysis, technical eoviJ.'oumental p].anni_ig, environmental

science, operntlo|_s systems analysis, meastlrement and research plannln_.



DEPARTMENT OF TRANSPORTATION
FEDERALAVIATIONADMINISTRATION

WASHINGTON, D.C, 20590

@
'_ SE? _971

Dr. Alvln F. Meyer

Director, Office of Noise Abatement
and Control

Environmental Protection Agency

Washington, D. C. 20460

Dear Dr. Meyer:

The Office of Environmental Quality, within the Federal Aviation

Administration, has Just completed the execution of a noise reduction

flight (operational) evaluation project, This project was performed at

our National Aviation Facilities Experimental Center near Atlantic City,

New Jersey, and constitutes but one of many projects this office has
programmed and directed toward the control and abatement of aircraft
noise.

The subject program objectives include the quantification of measured

end recorded reduction in aircraft noise through the use of various

operating procedurestechniques by the same aircraft. For a cross-

reference on the impact of noise reduction by aircraft type design the

._ same procedures were also evaluated for four different turbojet powered
airplanes,

Enclosed for your review and consideration are the program's past and

current progress reports (1-5). We intend to forward a copy of the final

i report when such is complete. If there is additional program information

:' desired, please contact Mr. R. D. Shreve, EQ-20, Program Director.

We endorse and are looking forward to continued Federal coordination in

the process of resolution to the nation's environmental problems.

!
;, Sincerely,
J

i, Director /

Office of Env/_ronmental Quality
/

; Enclosures



DL'PA[_I'.t,_ENT or TRANSI;O:'CIATiCq4
FE,.'}vr:AL AVIATIO:_ i b, I !{. I'_AI .Jr,/

, WASItlI._GTON.D.C. 2(_5S0 ._p.._-_.

F
_rrL_To: 1_q_O-1 ' _ r.=_.:.l

SUbJeCT: Operational/P_:ocedural Noise Reduction Z'lighL Prqgran'_ - _

progress Report No. 1

To: Deputy Administrator _2,4_
_bz'ough: PL.I

A program has been developed for the _light evaluation and data

analysis of potential noise reduction, specifically during the

approach to lauding flif/h£phase, associnted with:

I. Configuration change (airfralne/thrust)

Z. Vari;_.ble glide slope intercept altitude

3, Two-segn%ent app,:each

4., Uilfor*n'(3 °) vs variable glide slope angle

The flight program will be executed'in such a n_anne_: so as £o develop

no_se data which can be reluted £o,a base proc6dnre_eonfiguration,

thus enal)llng an incremental or delta noise, level to be identified with

each of !:he profiles flown.

This flight p_'ograrn, by necessity, requires £be eoopel'atlvs and

coordinated efforts ,of several Offices and Services within the agency.

A task force m-_ade up of represen_atlves froln _adh Of the Offices and

-Services {nvolved hes been forrned to ensur'e effective coordiru'tt_o*;

and expeditious completion of the progranl.

Under Secretary Beggs requested the progra_nls schedule as spon as

possible. It is anticipated that such a schedule will be available w_thin

two to three %reeks. Virtually, all of the prog_.amsl variables have

to be defined prior to establishing a scb_dule. The t_sk force Js

cur_'cntly working on this program phase,

' While final results rather _banprogress reports are t]xe prog'Paln*s.

..objectives, it is suggested that such reports on the progran_Is s'tatus

can be hclp/ulln identifying the prograrnls achievements, prograrn

delays and, ..inn%any cases, resolve situations before they bccon_e
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program problems. _Vith your concurrence, such reports.will

periodically be sent forth.

The Office of Noise .A.batenaent's co*%£act _n regard to th_s program

developn_ent is Mr, R.D. Shrevc_, NO-Z0.

_ #/./&I-O-.,,
_s_p_,,_ o. POWZRs
[/ Acting Director', Office of No_se Abatement, NO-]

j

: I

:>,



DEPARTMENT OF T[_,ANSPDRTATION
FEDERAL AVIATION ADkIIHISI'RATION

WASHINGTON.D.C, _U59_ ---

70 tober'19vo ..4.%"->.

_J_TO; NO-] "<:{5": /

SUBJEcn Operational/Procedural Noisu Reduction Flight Progran_ - _,_

Progress Report No. Z

T0: iDeputy Administrator /_%-"

Through: PL-I

The developlnent of the progral_Is'scope, coordination requirenlen£s and

functional execution has been conip]etcd. In association w_th eon]pletin_

lhe develo])rnental task, certain hey progral]_ c]+en]ents have been
defined. Included arc:

I. The flight phase wi]l be executed on o_' about 5 April 1971. |Ill

contributing propram componentsl i.e., site preparation, outside

contractual support, reschedulh_g of FILA airplanes, etc., will be

effeeted to ensure n%eetlng the 5 April date.

Z. NAFEC, Atlantic City, New ,Terse),, is the test site of pl'ime
consideration.

3. Takeoff profiles will bu flight evaluate(] as well as and supp].ementz:ry

to the prinne objectives of approach profiles relative to potential

noise reduction.

4. The necessary Funding Fez:the progralD1s execution, including all

support components, will be al]ocated through reapperi:ionlnen_

of the R&D budg_:t in the FAA OFfice of Noise Abate_nent,

The decision to execute the Flight phase during April 1971 was n_ade in

lieu of atten_pts to establish an earlier prograln execution (Fa]l of 1970)

only after due consideration had been given tQ the practical analysis of

the factors required for progl'an_ implen-,entation. Such factors included;

(a) the possibility of inclement flight test weather anticipated for the late

Fall or earl), Winter season; (b) n_inilnun-*tines required for site

preparation and scheduling of on-site facilities; (c) sole source versus

competitive bidding on required contractual support; and (d) conflicts

created through the reschedttling of FAA airplanes, both fez flight traiIz!n/

and speciflcd ground down time required.



Z.

Of the various t_st site locations given consideration, NAITEC witb its in-

house facilities, competent manpower and ground support eq[lipl_ent was

selected as the naost desired and advantageous s_te offering support to and

compatibility with the objective require,nen£s of th_s progra,_.

The flight evaluation of various takeoff profiles has been included wi£hln the

progranals scope. While it is recognized tbat takeoff profiles have been

evaluated in previous programs, the need for additional data acquisition exists.

Industry has either proposed or is executing various takeoff profiles %vhich

tend to effect relief at a given point in the pl'ofile or are being adopted simply

as company noise abaten]ent procedures. Industry is to be con]naended for the

initiative shown; however, this progran% will execute hl sunalTlary these various

profiles to a much expanded data base. The no_se levels generated by these

various profiles will be measured and analyzed out to a I0 rnile point. Such

evaluation will then include not only potential noise reduction close-in, but

also downstream of the highly impacted area. As an exa2nple - sucb data

would reveal the actual inlpact of the thrust cut versus no thrust cut as

identified with the cross-over or tradeoff in the various profiles relative to

the total noise exposure experience.

The program's task force is now in a position, relative to the key elenuent

decisions, to structure the required details of pro_ran] implementation. In

[ this regard, a task force meeting is called for iS_onday, October IZ, 1970 at

9:30 a.:n. in room 9C. The agenda for this meeting includes:

i_ i. 1."inal concurrence in the definition of the approach and takeoff flight

profiles.

Z. Initiation of airplane leasing arrangements.

!! 3. Scheduling of installation for required operational flight equipment and

reschedullng, where necessary, of flight trainin£4.[

4. Scheduling of NAFEC facilities and site prepiration.

[ 5. Preparation of specific airplane flight perforn-lance values for both

approach and takeoff opera,on.

6. Review of acoustic contractual support.!

)i 7. Open review of progress or problems, if ar_y, associated with the

April 1971 program execution.
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inclosed for the task, force melnber's consideration and guidance are the

progra_Is scope, profiles, and sehedu]ing. A concerned zevie%v of these

onelosu2'es will contribute to the resolution of the agerl_la ite]ns for the

IZ October ::neetin g.

Thank you for your continued cooperation.

Acting Director. Office of Noise Abatement, NO-1

w2-nclos ures



Enclosure I_]

OPERATIONAL-PROCEDURAL ,4OISE REDUCTION FLIGHT PROGP.AM

OBJECTIVES

TO IDENTIFY THE LEVELS OF NOISE REDUCTION OBTAINABLE THROUGH VARYING AIRCRAFT

FLIGHT PATHS AND OPERATIONAL PROCEDURES IN THE TERMINAL AREAS.

SCOPE

VARIATIONS LN FLIGHT PATHS AND OPERATIONAL PROCEDURES FOR:

APPROACH-TO-LAND

i. CONFIGURATION CHANGES (AIRFRAME/THRUST)

Z. DIFFERENT GLIDE SLOPE INTERCEPT ALTITUDES

3. TWO-SEGMENT APPROACH, AND -

4:; UNIFORM (3°) VS OTHER GLIDE SLOPE ANGLES

DEPARTURE

I. CLIMB OUT SPEEDS

Z. CLIMB OUT CONFIGURATIONS (AIRFRAME)

3. THRUST REDUCTION, AND -

4:. ALTITUDES FOR THRUST REDUCTION



Enclosure _,_Z

PROGRAM PROFILES

APPROACH DEPARTURE

3,000'

__\ \ .¢ "
1,500' ,, " _ _::'___

RUNWAY

KEY VARIAB.LES - SPEED, THRUST/THRUST CUT, CONFIGURATION



Enclosure _13

ELEMENTS OF PROGRAM DEVELOPMENT

I. SITE SELECTION

2. "_DUTSIDE" CONTRACTUAL SUPPORT

3. COORDINATION OF AGENCY OFFICE AND SERVICE FUNCTIONS

4. FLIOHT SCHEDULING



Enclo__ .:e #_

PROGRAM FLIGHT SCHEDULE

AIRPLANES TO BE USED:

I. B-TZ7 (FAA)

Z. DC-9 (FAA)

3. B-7Z0 (FAA)

4. B-707-320B (LEASED)

FLIGHT TIME PER AIRCRAFT

APPROXIMATELY Z0 HOURS (ONE WEEK

TOTAL EXECUTION PERIOD

FOUR WEEKS

PROPOSED INITIATION AND EXECUTION DATES

APRIL 5,1971 THROUGH APRIL 30, 1971



Enc I_-_are #5

0PERATIONAL-PROCEDURAL NOISE REDUCTION FLIGHT PROGRAM

f---_ RPP _oJ_D-_-
PROGRAM CONTRACT _IPMENT ,.

ACOUSTIC EVALUATION AWARD SET- UP TESTS
PLAN SUPPORT

SITE -..
_ DATA "3

SELECTION _A:_FT-_

SCHEDULING

AC DC-9
EDULING

AZRCRAFT
ARRANGEMENTS

AC 720
SCHEDULING

707 LEASE , ,

14 28 12 26 9 23 7 21 4 18 i 15 1 15 29 12 26 I0

SEP OCT NOV DEC JAN FEB MAR APR _i%Y
1970 1971



/_nclosu. e #6

APPROACH TO LANDING PROCEDURES

(M A X I M U N L A N D I N G W E I G H T)

H B I C
3000 ft A

30SEem_T_'...:'_'>:,..\.6° SEGMENT

' 4 4 ,"_i,

D1o""'_<XOO
!

NO;E:

CONFIGURATION

I. GEARUPUNTILREACHING PROFILE ' _ i !B, C, OR D LAN_. #2 LAhD. #i _ APPROACH _ CLEAN --4

• j2. APPROACH CONFIGURATION "CON_ENTIONAL (1500'-F-D'E) .............X ...............X ..........} .....X ........i..............

b_TIL REACHING'B, C, CONVENTIONAL (3000'-i-B-E) , X . ! X ! .....X ...........I'-- X_ ........jOR D EXCEPT FOR CLEAN _.............

CONFIGURATION _40 SEG_ENT (A-C-G-E) ....................X ...... _ ' !

HIGH GLIDE SLOPE (3000'-A-I-E)........ ......X .. .................._.............. _ ............
!

LOW GLIDE SLOPE (3000'-A-H;E) X _ _ _ I



Enclose" ",;I.;7
DEPARTURE PROCEDURE

NUMBER 1

C-D Continue Enroute Climb Conflg.

--" Climb Thrust, Climb Speed/or

T.C. Speed

Clean up to Enroute Configuration; /"'f""
B___C

Accelerate to _nroute Clirmb Speed

T.O. Thrust Terminate]Beyond

_--_-_-__ i0 Nautical Miles

A-B

T.O. Configuration, Accelerate

to Flap Retraction Speed, T.O. Thrust.
400'

o*

i I

A



Enclos u: _8
DE PART UI_ E PROCEDURE

NUM_8 E i_ Z

A-B-C B-C
I. Constant Speed V z + i0_nots

Thrust Cut _ 1,000'

Z. Constant T.O. Configuration $ To._Level

(Max. Wt. )

J' -7
Tern_inate Beyond
I0 Nautical Miles

, A-B
T.O. Thrust

"-- 1,000'

z, Less Gear Retraction ".

'_,, Engin_ O_itPerformance



E_iclos_e

DE PAR T UR E PR OC E D UR F',

NUMBER 3

A-B-C B-C

i. Constant Speed V Z + 30 Knots Thrust Cut @ 1,000'

Z. Constant T.O. Configuration _ To_ Level Flight *_

(M_x. Wt. ) .._

B TerminateBeyond
10 Na_tica'lM_les

A-B

T.O. Thzust

i,000 _

&.



DEP AI%T URE PROCEDURE Enclosure _I0

NUMBER 4

A-B-C B-C

i. ConstantSpeed V z + Z0 Knots Thrust Cut _ 1,000'

Z. Constant T.O. Configuration ,._ To,_, Level Flight $$ "

(Max. Wt.) _.,_ ,_,

B

Terminate Beyond
10 Nautical Miles

A-B

T. O-_'T'hrust

_'-','_'-" 1,000 '

A I[7 ' •

Less Gear Retraction

'_' Engine Out Per[ormanoe



Enclosur II

DEPARTURE PROCEDURE

NUMBER 5

B-C

THRUST CUT @ 1500'
A-B-C

TO,-_ LEVEL
FL IGHT._* -_

I. CONSTANT SPEED V2 + 20 }_NOTS (MAX. WT.)" "_"'_

2. CONSTANT T. O. CONFIGLrRATION * B TEP_MINATE'/';_'

BEYO.ND i0 N .....

A-___B

T. O. THRUST 1500'

* LESS GEAR RETRACTION
.** ENGINE OUT PERFO_IANCE



Enclosur IZ

DEPARTURE PROCEDURE

NUMBER 6

B-C

THRUST CUT @ 1500' T0 C

A-B-C _USTAIN 500'/MIN R/C

(_x.WT._ q
i. CONSTMNT SPEED V2 + 20 KNOTS

B TE_IINATE
2. CONSTANT T.O. CONFIGURATION* BEYOND i0 N.M.

A-B

T.O. THRUST

'"_' 1560



Enclosure #._

DEPARTURE PROCEDURE

NUMBER 7

C-___D

THRUST CUT @ 1500'
TO _- LEVEL FLIGH_ _*

B-C (MAX.WT.) "_.

• <_
i. ACCELERATE _D MANEUVER SPEED _2_

2. CLEA_UPTO_ ROUTECONFIG_A_IO_c _/ ./_

3 70 _UST -. /V_ _YONDI0_.

2. T.0. CONFIGURATION _ /

3.T.O._UST / 15oo,



Enclosure

DEPARTURE PROCEDURE

NUMBER S

C-D

THRUST CUT @' 1500.' TO
SUSTAIN 5001/NIN K/C

B-C (MAX. WT.) ,,,, D

1. ACCELERATE TO MANEUVER SPEED _-_ _ /

Z. CLEAN UP TO ENROUTS CONFIGURATION ___/-_/____ __/"_
3. T.O. THRUST _ TERMINATE --

_. _ _o_-_o-_
A-B "

i v2+20KNOTS / 1
2. T.O. CONFIGURATION_ / |

3. T.O. T_UST / _,. ,,.
--4 / 1500'

:// I

LESS GEAK RETRACTION



TAKEOFFPROCEDURES En=1oeure#15

D

_<. i0 N.M_

TAKEOFF A-B ihb { B-C hc C-D
!

SPEED -->-FRS I.400 -_ ERCS NA ERCS
1 THRUST T.O. C=) I-> ERCT

FLAP _,O. _ ERCC ERCC

SPEED --=J" V2+10, 20, 30 I[000 V2+lO, 20, 30 LNA (=)
2, 3, 4 THRUST T.O. -_TSL (=)

FLAP T.O. ._, (=) (=)

SPEED -:_- V2+20 i I _'_0. V2+2 0 _NA I (:)
5, 6 TIIRUST T.O. _'"--_-- -_".>TSL, TS00 (=)

FLAP T.O. (=) _'9 (:)

SPEED V2+20 [ VA I 5o0VA
7, 8 THRUST T.O. (=) -_TSL, TSO0

FLAP -->-ERCC ERCC (=)

DEFINITIONS: NA = Not applicable T = Thrust

TSL : Thrust level need for straigh= S = Speed
and level flight at max. gross C = Configuratidn

weight one eng. out (=) = Same as preceding value
TS00 = Thrust level need for 500 FPM VA = Design maneuvering speed

climb at max. gross weight FRS = Flap re=tact speed
one eng. out

ERC - En route climb



DEPARY_IEI'-_T OF, TRA_,,_SPORTA'I'ION
FEDERAL AVIATIO,'I AI)L'dI_ISI'RATIOt_

su_Jcc;:9pera61onal/Procedural Noise Reduction _/

Flight Program - Prog_'ess Report No. 3

70:
•Deputy Adminis irate1'

Through: PL-I

The cooperatlon.and coordinated efforts of the various Offices,

Scrvices and _acilitles in fulfillingthclt"responslbillt[es (descJ:ibed
in the enclosure) toward the exucutlon of this prograu_ has, to date,

been outstanding. _'lhile certain p*'oble_s have arisel_, the wining-

uess dir,p]ayedln their coordinated resolution is rno1._'than worthy of

specific mention. Sincere appreciation i._ expressed Lo each La-_]¢

fo:t.ceme*abet fo_-their obvious motivation and unqualified desire to

ensure a successful program.

At £hls point, the dcvcloprnent of key program elen_ents s_en_s to be

,on or ahead of scheduleo Spcclfica).Iy"

I. The RFP for acoustical contract support has been issued,

responses have been evaluated and currently final negotlat[ons
are in process %vlththe acceptable bidders,

Z. The RFP f6r lease arrangen%ents of a D-707-300 series alrp]ane

has beert issued with 1'espond _nd final contract anticipated soon,

3. Site leasing and preparation along with the schedu]ing of NAFEC

support facillt[es has elther been completed or is progressing
with no apparent hitches,

4. Tile flightscheduling of tileFA2_ and ].easeairplaaes has been

flxrn_d up, and

.5. Operatloii%l instrumentation required in the evalnatlon alrp]anes
has either been scheduled or _s installed°

The FAA Convalr 880k4 %villreplace the heretofo:-e scheduled Boeing

]_-TZ0 airplane du& to a conflict ar_slng i_ the _ustrun_entatlon and

operational scheduling. This switch presents no problen_ to the prog_'amts

objectives as they a_'e both turbo]eL four-engined airplanes.
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There have been son_e changes and additions to the prograrnts task

force l_en%bership, as follows:

I. Mr. Jack Burke replacing _vfr. D. G. Cockran from 2%irports

Service (AS-560),

Z. Lt. Colonel R. Chubbay replacing Lt. Colonel T. R. Howell

from Systen_s Research and Development Service (RD-740).

3. The addition oflk<r. Hugh Riddle from the. Bureau of National

Capital Airports (CA-5),

4. Tile addition of Mr. Harry R, Jackson from the kqeasurement

Branch, Technical Facilities Division o£ NAFEC (N2%-141), and

5, From the Departnaent_s Office of Noise Abatel'nent, in addition

to Mr_ Charles H. Willial"ns, the progran% now has Dr. Oordan

Banerian (TST-50).

The programls definition and dcvclopnuent has aec will continue to be

enhanced by these new task force members and the ftn_ctions they

represent.

In support of the progranuts objectives, arrangements are in process

to obtain stock footage film of the events and the methods and facilities-I

used in their development. With slich stock footage_ it is anticipated

: that at a later date, subject to the Administrntorrs approval, an

operational movie could be developed. The intent of such a movie

J'i would be to document both through "sight and soiled" the potential
! reduction in airplane noise exposure through operational techniques.

i;
,i ][tis believed that the information eoatainerlln such a movie would be

i of great benefit to the ]ocal authorities (airport-cornrnunitles) when

:i} revluwcd in light of seeking operational noise reduction in their own
,i local noise sensitive areas.
i_i

2% meeting is planned for the latter part of February with interested

i industry and civic groups fbr the purpose of reviewing with then] the
scope and objectives of £hls program. Particularly, the flight profiles

[ will be discussed. It is planned to invite comments on the proposed

_J, profiles and where reasonable and pI'actical, if offered, adjust tile

i

,!

?
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departure profiles to those, by consensus of the task force rrlembers,

most i_eanin_ful for evaluation. Participants of the meeting wl]l be

in%,i.tedto send rep_QseDtatiyes to observe the flight eva]uat[on itse][,

especially industry pilot representatives will be encou1_aged to observe.

The tas]< fo1"Ge members %rill be informed of the exact date, tinne and

place soon.

i_.,,,,.,-u_"b_,_,_.v_

JOHN O. PO_VE!_S, Acting Director

Office of Environmental Quality, EQ-I

Enclosure

l



DEPARTt,_£NT OF TRANSPORTAI'IOR
FEI_,ERAI.AVIATIO'RADI_':IHIS'I-RATION

_MASIIIHG'I'Ot_,I].C. 20590 _-_,_
"^_q.ODEC 13At /_ ..f&,,

III,¢PLV I, --t:?.I)i',."_-

\%,.71 .,o/
SU_J[CT: Office/Servlce Responsibilities, RE: 0pcrationa]/Procedural _"

Noise l_eduction Progl'an3

"Io:

Progral-n Task Force Melnbers

Through [l_e combined efforts of the task force with support frmn the

Under Secretarz and Administrator the subject prog!.am has been
ouL]ined and scheduled. Sincere appreci,%tion is expressed'for the

unqualified support g[%'en ill obtaining this pha_e of pl'ogr¢'%l%_

dcvelopn%cnt. %Vi£h this phase accon_p]ished, it is essential

to the success of the progranl's e::ecutlon that each O.ffice and/or

Service, by way of their £asl¢ force reprcscn£a_ive_ rocognlze

and fulfill their _l'ogran_ support respon_:ibillties.

The pul'pose of this inemorandun_ is to asscn_ble in one docunlent

the responsibilities of each Office/Servlce as defined illprevious

_ask force coordination nleetings. The fulfilln_en£ of these

razp._::=ih!!P,'=,_, i::....... j ..........., ...... :'_-qui:'e c!c== c-'2-'2rd!n.",n

with other Offlcos/Servlees. Thus, inc]uded %vifllthe listing of

responsibilities are areas considered as those of pril_lo coordination

accepting, that general coo1'dinatlon is required and anticipated

%vithin the wozklng stl.ucl:ure of tileprogl.aln's task force.

The following itenls aye deflned as Key, but not to be considered

total, program support responsihflitles for each of the contributing

Office/Sorvlce functions:

i: FLIGPIT STANDARDS SER'qlCE (Thru FS-403)

I. The']easlng of out-of-agency airplane (13-707, 3Z0 D/C).

_uch leasing arrangen_cnIs should include -

fl i_. Consecutive calendar time of three (3) weeks
'I

':" b. Option illflight ¢hours to be flown

:! C. Lease crew and required airplane logistics

d. Installation and post evaluation l.ernoval of requil'ed
•: b

_:; equipment and instrmncntation



Z. Scheduling of FAA airplanes (DC-9, ]3-720 and B-727)

a. Pre-ew_]uation ground time for _hose airplanes

requiring equJp::aent aud instrumentation insLaHation,.
and -

b. A.b'l_lane(s) at tesl:sLtc"for noL only prograu_ flight

evaluation but also for.pre-dv_luaLioa profJ]c proficiency

flights.

3. Arrange fo_" rcquired equlpn_ent and iustrumentalion for

segmented approac]_es, inc]udlug n_u_po_y_er required for
such insLa]]_t_on.

4. The assignment of FAA evaluai[on pilots for cae_ of the

alrplancs in the progran_, with supporL crews for the FA.A

airplanes.

5. Establish for all of the eva]uatiorJ'alrplanes for each of the

approach-to-land and departure profiles to be executed -

R. '/'hrust and perforn]r, nee wLlues Lo be used, noting

operational ]innitat[ons, - if such ex_sL.

b. Airfra]ne configuraL[ons, and

c. ]_']ightdec]< procedures

6. Develop and subn'_it a sunnmary report, fo]]owln_ the flight

evaluation, eoneernh_g the pilots an_]ysis of each profile

flown relative Lo norlnal procedures, as Lo;

3. ]_i]oL worl¢]oad re]ative Lo operatrons in low and high

density tern_[nal areas,

b. Additional f]ighL traini_ig requirelnenLs

c. ColnpaL[bil[ty of procedure under all _vea(her flight

conditions (VI_R, "iFR, ctc. ), n*_d

d. OCher reviews or con_naenLs

I l



COORDINATION

NO-20, I_S-700, FS-]60, NAFEC, AND A_;RONAUTICAL CENTER

AI]?,I_OIAg'S S]i:IIVIOE (Thru AS-560)

i. Ad%,ise'i_ the devc]op:_el_t of the .p]'ogram p]-ofl]es,

2. Assist ant! l]_onitof the p_'o_l'a17%'sexecution,

3. Develop and su]n_alt a s%ll_l_a]'y repo]rt, following the/ligh_

evaluation_ concerning the potential use of such flight pl'ocedul'es

p1"ofiles wiLhin the airport systcn].

4. Act as the pl'ogran_Is central 'infol'n]ationtiara l'_lease and

retl'iex'a] source for l'e_ional eoordJnatlon.

COOR D Y/qATION

NO-Z0, /iT, FS, AND REGIONAL OFFICES

1. Continue tq advise and aid in the construction of the program's

develolo_nent,

i 2. Assist and naonitor the p1'ogral-n's execu£1on,
)

:i

< 3. Identify the known or potential in,pact ofirnple_'nen£ing

<'[ opel'ationa] procedural - fllgbt profile modifications

on the air traffic colltrol syste_"n. Specific l"eferenee

should be n_acle _'egarding:

' !
a. Ralslng the glide slope h_te1'cept all:itude to 3000 feet,

b. establishing a unlforln glide slope of 3 degrees.

]Note: Such identification should inc]uc]e cul'zent and future

facl]ities and equi_pment

4. Develop and sub_nit a sulnrnary repprt, based on the flight

cvaluatlon, cow,coming A'fS _ analysis of h_plennen_blg any

such chan_,e in procedure's o_' prefi]es (usin[,,specific

airports as exan_plcs).
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COORDL'q.ATI ON

NO-ZO, "AS, AND FS

SYSTEMS I<ESiEA]ICH AND DEVELOPMENT SERVICE (Thru RD-740)

i..Assist in procuring and ma]¢i3_g available, as per schedule, the

agency developed eqtfipn]ent (selectable glide slope cornpu£er)

for [ns£_llation, as required, in the progl'a]"nts evaluation

airplanes.

Z. Prepa1"e all necessary b_'iefiug n_a£erial .required to imp]en_en£

£he functional opera£ion of such equlpn_ent, and -

3. Assign qualified personnel(s) for:

a. The fli_h_ deck and operatlonal'check 0u_ of the ins£alled

equipl_n en t

b. Crew briefing on equipulent, use and li]_tatlons, and

c. Continuin S surveillance of installed equipnaent during the

flight evaluation execu£ion, £o ensure functional and

reliable opera£ion.

COORDINATION

NO-20, FS, AEI%ONAUTICAL C_NTER, AND NAFEC

NATIONAL AVIATION FACILITIES AND EXPERIN4ENTAL CENTER

(Thru N'A- 14 l)

I. Acoustical n_easuring l'ange site preparation, to include:

a. "off airport ]and ]easing

b. off ai/'por£ land e]earlng

o. su1"veylng, and

d0 securi£y survel]]ance a£ monlto1"ing loca£[ons.

Z..Availability and functional use of the Phototheodal[tb Sys£em

to inchlde, tracking plots, digitalized |apes of tracking, £1me

synchroniz.ation, etc. , ,

t
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3. Supply and ln,alntain co1_n_unication netv/o_'k for central

acoustic station, ground to alr, groullc| tO ground, control

_.0%V01;t etC.

4. Supply and ma_ntaln required ground support equ_pn_ent to

_ncludc vehicles, pc\vet units_ etc.

5; Supply and operate ]and camera equip_r_ent, -,l-ninlmum of
two units.

6. Sehedu/e a'nd maintain control usage of the fllgh_ range and

runway during the program's daily fHghL execution periods,

7. Logistics support for airplanes operational requireanents,
fuel etc.

8. Assignment'and schedullng for l':]a]%pov.,erfor the installation

_nct la_aintenance of the eva]ualion airplane(s) operational

equil)lnent and instrumentation (.SGSC).

9. The acquisition of the 1'equired rnetero]ogieal data

O OO]:_ ]315NATI ON

NO-Z0, NO-10, FS, AND AERONAUTICAL C]_NTEIrt

BURJ-'qAU OF NATJ[ONA]_ CAPITAL AIRPORTS (Thru CA-5)

I. Participate and advise in the practical aspects and

':definition of the progran_'s objectives, and

":_ Z. Evaluate and report on the proga'arn's execution as to

i_? the polentla] n_odlfication of existing procedural and flight
:_ profiles; x./herein_ such-lqqo¢lifieations would produce

rl benofits/disbenefits tO the airports operation and cornmunlty
relief.

.i

_i COORDINATION

NO-20, AT, AND AS

OFFICE OF NOISE AI3ATEA'[ENT (Tart NO-J0)

I. Define the progran-*'s aeoustlea] objectives and direct the

]
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attaim_ent of a]] acoustical data requh'ed to fulfill these

objectives,

Z. The procuren%ent of required out-of-agency acoustical

contl'acts; covering) --

a. Acoustical n_easuring cquipnaent

b. Acoustical data acquisition

c. Acoustical data reduction

d. P_'eparation and submission of final data report

3. Assign an on-slte acoustical project coordinator to direct

and n_onitov, all aeoastica] aspects .of the progran-,Is
yequir elrLent.

4. Develop, if required_ add[tlonal use and presentation of the

contractor's final data report,

5. Final approval in the selection and preparation of the acoustical

range n_onltoring sites

6. Develop and outline the progralu's weather data acqulsltlon

requlr crnents.

COORDINATION

NO-Z0, ACOUSTICAL CONTRACT. OIl(S), AND NAFEC

OFFICE. OF NOISE ABATEMENT (Thr B NO-Z0)

l. Direct and coordinate the over-all progran% development
and execution

2. Develop and sub1_it a final progran'_ repox't to tileAdministrator

on the results of the_prograrn, to include,

a. An analysis of the data obtained relative to the program's

objective

b. Identify the benefits - disbenefits _-oga.]'dingnols_ reduction



-7-

throuL,h procedera]/f]i/_ht path modifications and their

operahona] in_l)lementation , and

c. Recomn]endations as to agency action relative to

over-all results of this progran_ execution.

The above out'line of Oft'ice/Service rdsponsibllities to the progran%'s

developrnent and execution is no't suggested to be con]plate as _o the

definition and detail required for active fulfillment; th_s is properly

left to the task force leadership in each function. IIowevcr, to

aid each task fol,ce representative in his respective action a third

task force n_cet]ng has been set for ]0:00 a.n%, on 12 January,_ 1971

in FAA Conference l_oon] 7A. During thls 12 January Ineet_ng,

using the above outline as guideline reference, each task force

r_en%ber is requested to present his p]a_ of action including progress

to date, future scbhdu]ing with anticipated xvorhload colnpletion

dates, and identi$_catlon to any conflicts'or' problcrns associated

with the fulfilln]ent of his progran-i support.

Progress l_epozt Nun_ber 2, dated 7 October ]970 contained, as an

' enclosure, tentative schcdu]_n_ for the prograiT_'s develops'neat and

execution. While the over-all schedule had intentionally so1"ne
,I

"' flexlbility the flight execution portion was considered relative firm.
r

S_.nce the issuance of this schedule _-'Shas indicated that it ".vould

serve their support function better if the following changes \rare

made in the airplane flight scheduling:
i
{':i

.... _%rec]¢ Of Airplane

'!i

: Ap_:il 5a 1971 FAA B-727 or B-7Z0

,.! April IZ, 1971 leAA B-7Z7 or B-7Z0

i" April 19, ]971 L6ased B-707 -320B/C

April 26, 1971 I_AA DC-9

The option of the FAA B-7Z7 and/or B,720 during the first t'_vo

•,weeks of flight evaluation is yet to be dcterl'nined by FS as is

not eons'idel'ed critical £o the progran_'s scheduling. However,

for poteiltia] ]casing or co_ractu:'a] reasons it is essential to

establish a specific flight date for the B-?07 -320B/C. The

FAA DC-9 has earlier con'u'nlttn_ents on _-he west cease, thus,
should he al]d _s scheduled last.
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A revised flov., chart of scheduling the program's development
and execution will be developed and issued following the nlore

specific dates presented for the various functions at the 12
January meeting.

Thank you for your past and anticipated conthming support to
this program.

R. D. SI:IREVE

Program Manager, NO-Z0

• ..,._._._,_,,, , :_"_2C_;j,_._,_,_,:_ _-'"


