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|

\ EXECUTIVE SUMMARY

<%his study investigates the shipboard personnel noilse exposure
problem by analyzing the avallable noise level data on two surface
ship classes currently operational in the fleet. These are the
FF 1052 (KNOX) class and the DD 963 (SPRUANCE) class. The final
objective of the study 1s a first order estimate of the costs
of engineering noilse controls necessary to comply with current/

proposed personnel noise exposure standards. The standards
evaluated are the Navy Compartment Category D, BUMED Instruction
6260.6B, the present OSHA noise standard and the proposed OSHA
noise standard. Although the present evaluation 1s restricted
| to engineering spaces (i.e., engine rooms, fire rooms, auxiliary
: rooms, etc.), the model for personnel nolse exposure evaluatlon
E and noise control assessment developed in this study 1s meant
| to be general and 1s applicable to other spaces aboard these
ships and to other classes 1In the fleet.QX

N
\

The operational and acoustic data collecte&‘represents a summary
of all currently available information within the Navy on the
subject problem. In this sense, the report contalns a catalog
of existing noise level and noise source diagnostic data avail-
able from various Navy departments for the above two ship classes.
Analysis of the data shows that noilse level information required
for the computation of personnel noise exposure 1s adequate for
one class (FF 1052) and only marginal for the other (DD 963).
The avallable personnel work assignment data, necessary for the
computation of noise exposure, was found to be lnsufficient for
the purpose of this study and did not reflect the actual duty
assignments found on these ships. To that end, a short survey
was conducted and first order estimates of this parameter were
acquired. The available noise source diagnostic data, vital
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to the proper understanding and solution of the problem, was

found to be limited in extent and quantity. The existing infor-
mation however, was found to be appropriate for this type of 'v
analysis. A

Due to the emphasls assigned to the data base acquisition, the
objectives of the program were not completed in full. The data
base collected was evaluated only through the computation of i
personnel nolse exposure; although the steps necessary to com- .f
plete the source analysis, nolse control evaluatlion and the cost
of noilse control analysis are provided in full.

The study results show that, at medium to high shlp speeds,

most crew members in engineering spaces are exposed to excesslve
nolse. This 1s true regardless of the standard used for the
evaluation. Moreover, excess exposure to nolse 1s shown to

vary from compliance up to 1000% over the OSHA/BUMED limit;
overexposure being worst at the higher speeds. Individual nolse
exposures vary up to 600% between low speeds (8 knots) and high
speeds (27 knots). A comparison of the different standards
shows that they have the greatest divergent effects at low
speeds and in-port.

The parametric framework establlished for the data base shows

the benefits of standardized noise measurement techniques that

may be used by various Navy units. The recommendations regarding
computarization of the data base, the nolse exposure computations,
the assessment of the overexposure magnitude and noise reduction
requirements, suggest a method by which future assessments of

this kind may be made quickly and accurately. To that end,
improved data acquisition procedures are also recommended.
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L. INTRODUCTION

High noise exposure in the work place has been fully recognized
as a potential occupationzl hearing loss hazard in the last few
years. The federal government, through the Occupational Safety
and Health Act (OSHA) of 1970 has established maximum permissible
noise limits to which industrial personnel may be expcsed.
Presently, the Department of Labor, which administrates and en-
forces OSHA, is in the process of reviewing the noise regulation
and various proposals to further restrict personnel noise

exposure are being considered.

Similarly, the U. S. Navy has been, for many years, concerned
with the noise environment to which its personnel are exposed in
shipboard situations. To that effect, space category D, which
sets design standards and BUMED Instruction 6260.6B which speci-
fies noise levels similar to the present OSHA regulation, have
been adopted for situations where hearing protection is the
prime consideration.

The purpose of this program is to investigate the occupational

noiszs exposure problem and the noise control alternatives on
board two Navyv ship classes. The final objective is to develop =

first order estimate of the potential costs assoclated with
compliance with the standard(s) through implementation of
engineering noise controls. The standards investigated are:

a) the U.S. Navy category D; b) the present OSHA/BUMED standard
and; c¢) the proposed OSHA noise standard.

The estimation of costs associated with the control of the ship-

board noise environments requires a number of steps geared to the
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understanding of the magnitude of the problem, the evaluation

of the nolse reduction requirements for machinery to meet a
specific standard, the assessment of the applicable nolse control
technology and finally, the estimatlion of the costs assoclated

with the production and implementation of the controls. Each one
of these steps requires careful consideration and evaluation 1f the
final product i1s to have an acceptable degree of accuracy.

The problem of monitoring nolse levels and nolse exposure on-
board ships and detecting excessive noise level situations has
been the responsibility of the Navy's Bureau of Medicine and
Surgery (BUMED). The Bureau, through the Environmental Preventa-
tive Medicine Units (EPMU), conducts periodic inspections on-board
ships and provides a first estimate of the nolse exposure problem.
The task of on-board retrofit noise control treatments for existing
vessels or nolse control inputs into new ship designs has been the
subjJect of numerous studies sponsored by the Navy. These data,
together with the BUMED information, constltute the data base

on which the evaluation undertaken under this program 1s based.

The data acquisition portion of this study 1s limited to two

ship classes. These are the FF 1052 (KNOX) class and the DD 963
(SPRUANCE) class. Furthermore, the evaluatlon of personnel nolse
exposure and subsequent tasks are limited to the englneering
spaces in each class, that 1s; the engine rooms,f{ire rooms,
auxiliary spaces, and after steering rooms, depending on the shilp

class considered.

The study was limited to the above two classes because:
a) they will represent a substantial proportlon of the modern

destroyer class vessels in the fleet ln a few years when

all SPRUANCE class ships are operational; b) on first
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inspection, considerable airborne noise data was believed
available within the Navy on their operations. 1Implicit in the
program objectives 1s a critical evaluation of the existing
data base. Although the collection of the data base would be
limited to the above two classes, procedures used for the data
acquisition and interpretation phase are Intended to be general
and applicable to other ship classes in the fleet.

Due to the difficulties encountered in the data base acguisition
portlon of this program, the final results of the study reflect
only a partial fulfillment of the overall objectives. In that
sense, the evaluation of the data base is taken only through the
definition of the personnel noise exposure problem. However,
the step-wise procedure necessary to assess the problem, the
equipment noise reduction requirements, the noise control tech-
niques and implementation costs as well as the description of the
data base reguirements for each one of the above elements is
provided in full through a model for occupational noise exposure
and noise control. The model is discussed in detail in Chapter

Two.

Chapter Three of this report presents the data base used to
evaluate the noise exposure problem. This entails both the sum-
mary of the compartment nolse levels under varicus ship operating
conditions and the personnel assignment description for these

same conditions.

Chapter Four presents the results of the personnel noise exposure

evaluation for the two ship classes being investigated.
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Chapter Filve contains the conclusions of this project. The .
conclusions present the major findings of this study. Finally,
Chapter Six presents the recommendations for improved data base
acqulsition procedures and recommendations for future investiga~
tion.

The repcrt contains five appendices in which most of the support
noise level and personnel assignment data are contained. Appendix A
contains the Personnel Work Assignment Questionnaire. Appendix B
contains a summary and a pictorlal description of the standard
acoustic measurement locations used in englneering compartments.
Appendix C 1s a 1list of reference reports containing airborne
acoustic data in shipboard cngineering compartments. This 1list
represents the raw operational and nolse level data base, avail-
able within the Navy, and used in this study. Appendix D presents ;
a summary of the shipboard compartment "A-weighted" sound level data.
The summary is przsented as a function of standard locations and
ship operating modes. Finally, Appendix E contains a summary of

the machinery noise source diagnostic data. Here the contribution
of individual noise sources to different locations in the engineer-
ing spaces are quantified based on existing Navy information.
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I1. OCCUPATIONAL NOISE EXPOSURE AND ITS CONTROL ---
AN ASSESSMENT MODEL

This chapter presents z discussion of the data base requirements
and the sequential steps necessary to evaluate and quantify the
noise exposure problem on board surface vessels. The assessment
model also explores the acoustic data base and steprs necessary
to evaluate the noise reduction requirements for equipment in
order to meet a specific criterion goal. Finally, the model
describes a suggested procedure that may be used to evaluate

the state-of-the-art in noise control technology on board ships
and the costs associated with the implementation of this

technology.

The intent is to develop a model, general enough to evaluate the
noise exposure problem of the two ship classes considered as well
as other ship classes within the U. S. Navy, and to provide 2
sequential procedure for the assessment of the noise control
alternatives and costs. The parametric organization of the data
base allows for a quick evaluation of rersonnel noise exposure
problem in the face of present as well as any future standard.
The data base also has the flexibility to he easily expanded by
the addition of more information as it becomes available to the

Navy, thus providing for a more accurate assessmnent.

Z o) Existing Occupational Noise Regulations

Before we enter into the discussicn of the noise assessment
model it is necessary first to review briefly the noise regula-
tions in question. Four standards are discussed; the Navy's

space category D, BUMED Instruction 6260.6B, the present
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g Department of Labor's noise exposure standard and the proposed
3 DOL noise standard.

2.1.1 Navy Shipboard Spaces Noise Criteria

The Navy's shipboard noise criteria is described by compartment
noise specifications. Thils standard, revised on February 2, 1970,
specifies a number of shipboard space descriptions and the associ-
ated maximum noise limit applicable to each space. Of interest

to this study is Category D, which is defined as follows:

TR T

Category D - High noise level areas where voice
communication is not important, where
ear protection is not provided, and
prevention of hearing loss 1s the

w———

primary consideration.

The obJjective of this standard is to guide ship designers in the
the development of specifications for shipboard spaces designed as
Category D. In that sense, Category D does not address the problem
3 of personnel noilse exposure but 1s intended to limit the noise
levels 1in designated compartments. Compliance with Category D is
generally ascertained by two measurements in each compartment

while the vessel is at maximum speed. The standard is written in

: both a dBA scale and octave band of frequency as follows:

k = ot

Octave Bands of Frequency }'

i Noise |
k Category { dBA 32 63 125 250 | 500 [1000 [2000 {4000 | 8000 ]
D 90 [105 100 95 90 90 85 85 85 85 3

Po——,
o —t

i
||
|
;
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The octave bands of frequency, when added, do not sum to 90
decibels but to 93.2 dBA. The intent of the standard is not

to exceed any single octave band in the spectrum. The Navy's
regulation does not specify allowable time of exposure or how
exposure is to be computed when nolse levels are in excess of

90 dBA. Reference [1]¥* contains a description of the criteria
derivation for this category as well as the other categories for
shipboard spaces.

2.1.2 Occupational Safety and Health Act -- Noise Standard --
and BUMED INSTRUCTION 6262.68B

This section describes the present OSEA nolse standard and BUMED
Instruction 6260.6B [2]. Due to the similarities of these
standards, especially in their application, they are discussed
together.

The original noise standard promulgated by the Federal Government
was the Walsh Healey Public Contracts Act under Section 50-204,10.
The Walsh Healey regulation applied to a very specific type of
industrial operation engaged in inter-state commerce and doing
over $10,000.00 of business with government agencies. The noise
standard contained under section 1910.95 of the Willlams-Steiger
Occupational Safety and Health Act of 1970 (OSHA) sets essentially
the same noise exposure limits proposed by the Walsh Healey
regulation, however, their applicability 1is extended to all

industrial operations.

# Numbers in [ ] indicate references listed at the end cf this
report.
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The Act calls for maximum permissible noise exposure limits

as shown in Table 2.1. The regulation also specifies that 1if
these levels are exceeded, corrective action must be taken.

The standard is unique in that 1t limits noise exposure through
a number of variables which should be understood. First of all,
since this is a standard written for an industrizl environment,
it specifies a maximum exposure of eight hours during a working
day. No allowance 1is made for exposures in excess of that time
limit.

1 TABLE 2.1
PERMISSIBLE NOISE EXPOSURES

Duration per Sound level
day, hours slow response
dBA

-1/2 102

H DWW SN
},l
(&)
O

no

}J [

el
Ut ow

Vi
/4 or less 115

Secondly, the standard recognizes different types of noise
environments and specifles the evaluation of noise exposure

o

based on three types of noise characteristics:
(1) Steady sta n
(2) Time varying noise

(3) Impact noilse

By steady state noise the regulation defines the signal as

(@]

follows:
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"If the variation in the noise levels involve
maxima at intervals of one second or less, 1t is

to be considered continuous."

Here the only requirement, according to Table 2.1, is the measure-
ment of the sound level with a "A-weighted" meter set on the slow
response and the determination of the appropriate noise levels to

be compared with exposure limits.

Where the operator is exposed to different levels of noise for
different, definable periods of time over the course of an

eight hour work day, the Act provides a means whereby an
equivalent continuous noise exposure rating can be determined.
This is the case of the time varying noise signal. The time
spent at each noise level is noted and the fraction of the per-
missible time of exposure at that level (according to Table 2.1)
is determined. The fractions obtained for each noise level are
then summed. If the total is less than or ecqual to unity, the
noise exposure is considered acceptable. If the total is greater
than unity, the noise exposure is deemed unacceptable in terms

of the requirements of the act. The summation calculated accord-
ing to this rule is called the daily noiee dose, (d; and is given by:

B b Dl s e 4 . (1)
aily Noise Dose ) = P e + T + TT
where: CN is the actual exposure time at a given noise level,
TN is the total exposure time permitted at that given level, and
o

T is the fractional noise dose for the Nth time interval.,

The BUMED Instruction 6260.6B calls for the computation of noise
exposure for steady state and time varying noise in the identical

manner to the present OSHA standard. Therefore, future references

b to these standards will be made under the descriptor of present ;Af
" OSHA/BUMED. o

b | T — TR ; S — -
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Finally, the last type of nolse called impact noise 1s speclfied

in the OSHA standard (not BUMED) as a maximum exposure to impulslve
or impact noise not to exceed 140 dB peak sound pressure level. The
apparent higher allowable exposure level for 1mpact nolse results
from the fact that the short burst of noise, such as hammer blows,
occur faster than the ear can fully react. Intervals between
impact must not be less than one second. Otherwlse, 1t would
become steady state noise and the levels applicable under Table 2.1
would control. This type of noise can be properly measured only
with an impact type sound level meter or using an oscilloscope

with image holding provisions.

2.1.3 Proposed Occupational Safety and Health Act Noise Standard

The major revision to the present OSHA noise standard, proposed
by the U. S. Department of Labor[3], is the extension of the per-
missible exposure time from 8 hours tc 16 hours in a workday.
Under the new standard the 90 dBA exposure limit for eight hours
is retained, but exposures to noise levels down to 85 dBA must
also be included in the daily noise dose calculation. Another
important change in the regulation is that annual monitoring of
exposure would be required for employees exposed to nolse levels
of 85 dBA and above and for employees with a daily noise dose

greater than or equal to 0.5.

Table 2.2 shows the maximum exposure levels and durations as
extended to 85 dBA for 16 hours of exposure and under the 5 dBA
doubling rate. Except for the extension of nolse exposure
levels to 85 dBA and to sixteen hours per day, the proposed
noise regulation is identical to the present one and the calcu-

lation of time=-varying noise exposure or dally nolse dose 1is

identical as discussed previously.
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TABLE 2.2

PROPOSED OSHA PFRMISSTBLE NOISE EXPOSURES

Time Time
Sound Permitted Scund Permitted
Level (Hours- Level (hours-
(dBAR) _Minutes) ggﬁﬁ) Minutes)
85 o v . 16-0 101 1-44
86 e . 13-56 102 1-31
87 S 12=8 103 - 1-19
88 " ; - 10-34 104 1-9
89 . = 8-11 105 . 1-0
TR 8-0 106 . 0-52
gt < . v . 6-56 10T 0-46
g2 . . . b=U 108 ; 0-40
93 . 5-17 109 . < v w0 B=3d
PO o . 4-36 TR0 < . 0-30
95 . . . 4-0 2 L1 ER . 0-26
96 3-29 HEZ o 0-23
D e G e e 3-2 1S . s 0-20C
G X Tmin —ws el 2-50 114 . 0-17
. i St fa e T, e @ 2=15 s : 0-15
B e @ s 2-0

Where Table 2.2 does not reflect actual exposure times and levels,
the permissible exposure to continuous noise at single level

owing

=

]
must not exceed time "T" (in hours) as computed by the fol

formula.

where "L" is the workplace sound level measured in dBA.
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? The proposed regulation does contain significant changes 1n terms
% of impact noise. As with the current standard, the proposed
upper limit for impact nolse is 140 dB peak sound pressure

level, however, the proposed standard defines impact nolse sas

a sound having a rise time of not more than 35 milliseconds in

3 duration or not more than 500 milliseconds to the 20 dB down
point. Intervals between impact must not be longer than .5
seconds according to the proposal. In addition, the proposed
standard limits the number of allowable imrulses per day by the
following

"Exposures to impulses of 140 dB ehall not exceed
100 such impulses per day. For each decrease of
10 dB in the peak sound pressure level of the

impulse, the number of impulses that the emp

iy P

loyees

are exposed to may be inereased by a factor of 10."

v

2.1.4 Discussion of Standards

The three standards discussed above have many similarities,

? however, they also differ on many key points. Some of the
most relevant differences are as follows:
: 15 The Navy space nolse standard specifies a 90 dBA 1limit

without mention of the total length of exposure to that
level,

By Both the present OSHA/BUMED and the prcposed OSHA standards
impose a specific time 1limit to the 90 dBA level. In the
case of the present OSHA/BUMED standard, this exposure
1imit is applicable to aneigh ur day. This is also the

case for the proposed OSHA standard except that the

R T T T T T T Y

proposed standard starts counting exposure at a level of
4

85 dBA and therefore is more rest
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The Navy space nolse standard does not provide for the
3 D not provide for the

calculation of personnel

time spent exposed to di
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2.2 A Model for Noise Exposure Eva

luation

o

This section presents an overview

i~

be used to compute the noise exprosure

vhe

e zlalal)
|20

and will discuss the data base requirements

the model.

The need for a model stems from the fac

exposure is a complex cquantity which requilres understanding

of a number »f which are nois riented.

For example, is a time weighted gquantit
(according to OSHA/BUMED), it i1s necessary to know not onl the gi
noise level at a given location but also how that level < S
a function of the ship's opera onal characteristics. ther-
more, since personnel no: re is time and ation dependent,
it is necessary to obtain a relations time and
location assignments and the noilse the
different ship conditions.

The data base requirements for a personnel nolse exposur

evaluation are as follows:
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) Ship operational characteristics
{2) Personnel work assignments
(3) Airborne noise data

The following discussion explores these parameters in terms of
the model and shows they interact for the computation of noise

exposure.

2.2.1 Ship Operational Characteristics

Occupational noise criteria are based on the assumption that ex-
posure levels are repetitive, day in and day out, over long
periods of times; for example, a number of years. This condition,
of course, does not hold true in the Navy since each ship goes
through a number of operational characteristics from cruising

conditions to at-dock conditions in the course of a year.

Each one of these operational conditions is characterized by
different noise levels, especially in the engineering spaces since
the number of on-line pieces of equipment needed under the differ-

ent conditions varies.

The objective of the ship class operational characteristic

parameter 1is the definition of operational modes which can be
considered contant. This will allow the computation of personnel
noise exposures which are unique to a specific ship operational
mode. For the purposes of this program we will define an opera-
tional mode as a ship condition for which the machinery line-

ups 1in each engineering space and the personnel assignments of

the crew can be considered constant. In other words, an operational
mode means that the noise level at a specific location 1is closely
related to a specific machinery line-up and can be considered.

e : e
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constant at that locatlon, Furthermore, it means that the
personnel working in the engineering spaces gc through typical
routines that may be considered nearly constant for that opera-

tional mode.

The manner in which naval ships operate varies depending on thelr
mission. In that sense, each vessel proceeds through a number of
assignments in the course of a year from at-dock conditions, where
the vessel is stationary and only a limited number of equipment 1is
operational, to underway conditions which require it to steam
under a variety of speeds. Each speed or range of speeds may be
associated, in principle, with the operation of a specific machinery

line-up, especially in the propulsion system area. It should be

recognized, however, that within a ship's class, the operational

characteristics and machinery line-up may vary to some degree.

Since, as was pointed out, noise levels within the engineering
spaces vary as a function of machinery line-up (eguipment operat-
ing for a specific condition), it is necessary to describe the
ship operational history as a funetion of time. Moreover, it 1is
desirable to associate a specific machine line-up with each
operational mode. Finally, in order to describe a ship class, it
is necessary to evaluate how the operational history and machinery
line4up vary within the class. This will permit an assessment

of the variability within the class and, in fact, will allow to
determine if a typical operational history can be chosen to
describe the class. The preceding discussion leads to the fol-
lowing data base requirements necessary to describe the ship

class operational characteristics:

GL) Ship operational history where the amount of time

spent ate-dock and underway is specified for at least

a one-year period.
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(2)

(3)

The above data will be used to develop a quantitative desc
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A definition of the machinery line-up (on the
average) when the ship 1s operating in each of the
above two modes. It 1is expected that more than
one machinery line-up m within each mode
(1.e., cold iron and aux steaming at-dock).
This will necessitate the definition of a number
of sub-modes, which may be characterized by a
specific machinery line-up. For example, when
underway, it 1s conceivable that machinery line-up
2

d ranges of the

will
ship.

have a relationship with spe

In order to develop an understanding of the mode
or sub-mode variability within a ship class the
above parameters are required for more than one

ship within the class. The number of vessels re-

quired for the class evaluation will depend largely
on the variability found from ship to ship so that
a

a statistically valid sample may be examined.

ription

of a ship class operational characteristics. The following re-

lationships will be evaluated and computed:

(1)

The definition of a ship's "typical

where the percentage of time spent within each mode

time history year"

or sub-mcde is quantified (i.e., 20% of the time at
cold iron, 10% of the time steaming between 10 and
15 knots, etc.).

& " 1’&*& xu“ ‘_‘- PSR T N
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(2) The definition of the "typical time history year" vari-
ability within the class. This will zallow to assess
the probability of sub-mode occurrence and confidence
limits associated wlth the assumptions for typical
operations. Ideally, it 1s desirable to introduce
statistics into the evaluatlon by computing the mean
and the standard deviation for each mode or sub-mode
of operation (i.e., the mean time spent at cold iron
sub-mode is 20% with a standard deviation of 5%).

This approach will allow to judge if "typical ship

class operational history" is indeed ocuantifiable
and define the limits associated with the description.

(3) The definition of "typical ship class machinery line-up
within a mode or sub-mode and the variability found

in the class. The machinery line-up must be specified
separately for each engineering space considered. It
is expected that certain variability in this parameter
will be found from ship to ship. The definition of
the "typical ship class machinery line-up will be
obtained similarly to the "typical time history year"
by evaluating the statistics associated with the ship's
class operation.

In summary, the operational modes and sub-modes will define the
ship operating conditions for which the noise levels in different
engineerinz spaces and the operator assignments in those spaces
can be considered constant or are predictable on a twenty-four
hour basis. Furthermore, the variability of these operational
modes for a specific ship and across the ship class will also
result from this evaluation.

e
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2.2.2 Noise Exposure Model

A "hazard" can be defined as a physical effect which has an adverse
impact on the health or safety of individuals in the work environ-
ment. In the case of shipboard environments two typical potential
hazards are noise and heat stress. Each one of these hazards will

have an adverse effect on the health or safety of personnel if
e
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they are exposed to the hazard for extended

the magnitude of the hazard is excessive.

It might be generalized that many health standards ,developed to
Judge the acceptability of a hazard are written in terms of two
parameters: time and magnitude. In other words, an operator may
safely withstand a certain level of a hazard for a specified
amount of time without adverse effects. In general ,the magnitude
of the hazard is related to the exposure time to the hazard. The
longer the exposure time, the lower the allowable magnitude of

the hazard. Time and magnitude, therefore, are the two parameters

which specify the permissible exposure to a hazard which, in the

Judgement of a health standard,is considered permissible.

Let us now address the problem of the data base required to
evaluate the magnitude of a hazard on man. In the present case
the hazard is excessive noige. As specified in the data

base requirements of Section 2.2, in addition to ship operational
characteristics,the two inputs necessary for the computatio

of noise exposure are personnel work assignments and airborne

notse data. Airborne noise is given by the physilcal ;

"V

n sound pressure

is the location

phenomena which can be readily measured

ct
D
3
n
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level. Associated with the acoustical measurem

s
at which the measurement 1is acauired. Therefore, the description .
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of the noise hazard can be accomplished by describing two vari-
ables: The magnitude® of the noilse and the loeation at which the
noise was measured. The description of the hazard does not requilre
any additional parameters to the magnitude and location and can

be considered constant for the same operational mode or sub=-mode.

The second reguirement of the data base is the description of
the personnel work assignments. Since by definition, the word
"exposure" implies that an individual is exposed to the hazard,
it 1s necessary to quantify where and for how long thils exposure
takes place. Therefore, the duty or personnel work assignment

input has two variables: time and location.

Figure 2.1 depicts the general arrangement of the nolse exposure
model. The two basic inputs to the calculation of personnel

noise exposure; the personnel work assignment or duty in terms

of time and location and the noise level, in terms of location

and magnitude are identified for each operational mode or sub-mode.
The dependent variable in the data base 1s "location". The mag-
nitude of nolse at a specific Llocation and the amount of time

the individual spends at the location. The independent varilables
are of course time and magnitude, which are the same variables

that we have discussed in our nolse standard presentation.

The knowledge of these two data base inputs allows us to develop ﬁ

the relationship between the duty of the operator and the hazard;

¥ Since most noise standards are written in terms of the
A-vweighted sound pressure levels (dBA), the magnitude of the
noise is the only necessary physical descriptor of the
phenomena. Implied in the descriptor is a freguency welght-
ing of the ncise spectrum which allows describe the entire

“n
audio frequency range with a single number.
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this relationship being a function of time and magnitude as
follows:

¥ ) (2)

el
ij Ii,j f(Lj,v

)

where Iijis the 1 th individual at the j th location, Lj is the
level in dBA at location j and Cij is the time spent (in hours)
by the 1 th 1ndividual at locatlion j. The subscript j refers to
the number of spatial locations considered from 1l to m and the
subscript 1 refers to the number of individuals being evaluated

from 1 to n.

The development of the relationship between duty and noise is the
most itmportant and difficult step in the noise exposure problem.
Once this relationship has been established, any man-hazard affect
standard can be quickly evaluated and computed.

A few notes of interest. In principle, the noise level data base
should be given on a point by point basis. Similarly, the data base
for the duty or personnel work assignment should be done on an
individual by individual basis. 1In practice, this is not only
impossible but under most conditions, not necessary. For example,
the spatial description of noise can be associated with an area;
the size of the area will depend on the fluctuations in the noise
levels and the accuracy required. In some cases, this may mean

a quarter of the space 1in question or even the entire space may be
described by a single noise level. In the case of personnel
assignment, it is possible to associate duty with a job description
or rank which is common to a number of individuals. These group-
ings will depend on the variability of job assignments, accuracy

required and the ability to predict personnel movements over the
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long term. In deciding on the above groupings and generalizations,
it is important to remember that the model is intended to describe
and analyze the noise exposure problem of an entire ship class.

In that sense, averaging techniques in the spatial description of
noise level and grouping techniques in the description of perscnnel
assignment are not only valid but desirable. This will simplify
the extent of the data base requirements provided that statistical
techniques are used to describe the mean and variability of each
descriptor so that, in the end; a meaningful assessment of the
accuracy and confidence limits for the personnel exposure predic-
tions can be made.

Furthermore, it should be noted that once the relationshlip between
duty and noise has been established, the information can be updated
and refined by any future new information available about one of
the above two descriptors. For example, the personnel work assign-
ment data base for a fireman may be described in terms of the
number of hours spent at each different location within the

engine room based on the information acauired for the group on

two ships. The statistics of the data base will provide the
confidence limits for that descriptor. If information on the

duty assignment for that group is available later for three or

more other ships, the confidence limits for the descriptecr will
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be obviously improved. Th applies to the descrip-

tion of the spatial noise levels.

The relationship between duty and noise may now be used to calculate
the personnel noise exposure dose as outlined in Figure 2.1. In the

case of the OSHA standard, the relationship formulated in Eq. (1)
3 & 1

may be used to define the fractional noise dose (f) as follows:
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£ =m—l—1 (3)

where Tij is the maximum allowable time (in hours) permissible by
the standard at the nolse level Lj. The fractional nolse dose 1s

constant for the same operatlional mode.

The computation of the Daily Nolse Dose (di} follows directly
from the fractional noise dose eguations by using the relatlonship
described in the Section 2.1.2:
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This calculation results in a single number descriptor which can
be compared to the limit statement in the standard to ascertain

exceedance or non-exceedance of allowable limits.

The major results that can be drawn from the computation of the
dailly noise dose are:

(1) Identification of the number of engineering space
personnel exposed to excessive roise levels: this is

done on a space by space basis. For example, 1f we
assume that there are eight operators assigned to the
engine roomsthe results will show that for the crulsing
mode, between 10 and 20 knots, six of these

individuals will have exposures in excess of the

present OSHA noise regulation and two are in compli-

ndard.

ance with the st

o
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Defintition of the magnitude of exceedance and the

abtlity to rank order personnel by noise exposure:

An example of this is the same six individuals found

over exposed above but now

the nolse exposure levels

for each individual can be rank nrdered according

to meznitude.

(3]

Ability to evaluate, on _a comparative basi

S

the effect

of two or more noise standards:

An examrle of this

is comparing the BUMED regulation versus the proposed

OSHA noise regulation.

In this case, using the example

of the engine room we might find that according to

the BUMED standard only six individuals have excessive

noise exposures and

standard, all eight

()

Ability to evaluate

in the case of the proposed OSHA

a problem.

individuals have

the notise problem on an operational

mode by mode bastis:

auxiliary steaming,

exposures in excess

other hand, when underway,

the eight individuals may have an excessive noise

posure.

percent of time that the ship
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2.3 A Model for Noise Feduction Evaluation

This section describes the analysis necessary to define the

overall noise reduction requirements in each engineering space
based on the personnel noise exposure results. Furth =
describes the sequential steps and data base necessary to estab-
lish the contribution of individual noise sources (equipment) to

the overall noise at a given location and the definition of

individual source ncise reduction requirements.

The analysis of the noilse exposure problem is done through the
use of fractional nolse dose data developed as a result of the
relationship between duty and noise discussed in the previous
section. The objective of this procedure is to identify the
minimum noise reduction reqguirements (ALi) at each location as

a function of the total noise exposure p;ckZew (not simply noise
levels) in an optimum manner. The sequential analysis is shown
in Figure2.2. The analysis is 1limited to individuals who have
been identified as having an excessive dailj

dose, dk‘ This operation is defined by t
Figure 2.2 where the individuals with excessive\noise exposures

n
are classified as follows:

L}
2
2
v
—
o U
o
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where k is a sub=-set of 1 from 1 to 2.

First of all, the fractional noise doses, (f, ) are organized in
F ¢!
array form together with the daily nolse dose (d,) as follows:




Ve e

Identification of Excessive
Noise Exposure

Fractional Noise Dose
Analysis

Priority Index
Compvutation

Rank Order the Personnel
Noise Exposure Problem

Iterative Process to Determine

Noise Reduction Regm's

Rankorder the Overall Noise
Reduction Required at Each
Location

i et

A dBA;

FIGURE 2.2 ANALYSIS OF NOISE

o

EXPOSURE
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eliminated from the individuals daily noise dose if the noise
level at location j was reduced to the compliance level for the

exposure time.

oy 3 5 ) 1 ¥ z 51 8¢ 2

Using Equation (6), fractional noise € array

converted intc a Partial Priority array as shown below:
e s
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the relative importance of one location versus another and in that
3 sense serves as a gauge in identifying the "hot spots" which

contribute most to overexposure.

. m = o . 4= , o = N = ey * J L8 v S e 4 . 4+
. Two factors of note about the (fi). indicator. Hirstily, the

T

maximum value of (FI), is one times the number of overexposed

- A®
individuals considered (1x2). For example, if 5 individuals are

considered, the nmaximum value of PI = 5, The signif
obtaining the maximum rating at & given location is that by
reducing the noise level at that location to the standard, all
individuals considered would be in

the reduction of the noise level
(90 dBA for OSHA) at that location will

b
all individuals to the maximum permissible or bel

any controls at other locations regardiess of level. Secondly,
n

if more than one 1 sgory k

P
(the individual was defined previously as one person or a group of
people performing the same work routine), the (PI)

may be very simply modified to includ

d
will reflect this case. The reguired modificati
“

—~ O

on

(7

addition of a factor N to eaquat
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In practical cases, the PI indicator is seldom equal to the
maximurm., In this case, the distribution cf PI values allows
to rank order the problem areas by location as was pointed out
previously. However, the final objective is to evaluate the
magnitude of nolse reduction that is required at each locatlon
to meet a standard. The optimum method to compute the m

of noise reduction required is by an iterative process using
the PI ranking indicator.

The method calls for reducing the noise level of the highest

PI indicator in 1 dB steps
magnitude to below the secon
untll neo daily noise dose

tt.e.,d,. < 1.0). Eaeh

k

pe
i

(

(1) Reduce the noise ) by 1 dB at

with the highest PI .
max
(2) Compute the new allowable exposure time
level (L - 1) dBA.
(3) Compute the new fractional noise dose,!

individuals a

(W) Compute the reduced daily noise dose,(d
individuals effected by this location.

(5) Re~compute the PI for all loc v
changing the magnitude of dk’ the value
are modified., The resulting effect is
of the PI 1ndicator at the location Wit
the increase of the PI indicator at all

the location

, (C) for the new
Pifor all
) Tor ali
K
llote that by
»s of all (FF‘)kJ
the reduction
h (L-1) dBA and
other locations.
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(6) Repeat the operation until all dy values are equal
less than 1. llote as individual values of d

k
i

become unity or less, the corresponding values of "
in the array become zero and are excluded from [urthe.

computation.

The result of this operation will provide the minimum amount of
notse reduction required at each location that will result in
compliance with a standard. This thod also optimizes the pro-
cedure of assigning noise reduction regquirements at each location
from the individuals excess noise exposure point of view. The
magnitude of noise reduction at each location (expressed in dBA)

may now be rank ordered as shown in Figure 2.2.

The analysis of the nolse exposure problem resulted in the devel-
oprient of noise reduction requirements, AdB., for each area or
location without specifying which sources of noise would require
noise reduction. The sequential procedure designed to evaluate
the individual equipment noise reduction is shown in Figure

2.3%,

=
9]
=
9]
D
&
D
(@
{ =
(@]
ot
[
O
)

Before we enter into the discussion of equipment

istic procedure for

(o]

reguirements it must be noted that no simp

this step is possible since, for the case where two or more sources

* Note that in addition to the magnitude, the noise reduction
requirement retains the statistics associated with the
original nolse level. For example, a reduction reauirement
of 10 dB is computed for a location whose mean noise level
was described as 95.0 dBA with 2 standard deviation (o) of
+ 2.0 dB. Therefore ;a noise reduction requirement of 14.0
dB (10 + 2¢) would assure that 95% of the ships within the
class would meet the standard at that location.
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contribute excessively to the nolse level at a locaticn, an

infinite number of source noise reduction combinations is pos-
sible. Furthermore, the assignment of noise reduction to a I

specific eguipment item generally must be weighted with some

engineering judgment as to the feasibility and practicality o

achieving the desired reduction. Finally, we must recognize the
economic trade-off value by weighting the reduction of one machine

edient and cost-

versus snother. For example, o
effective to require a substantially higher reduction of one item
over another although the noise level contribution of both may be
the same. With these facts in mind, the following procedure is

presented as a gutde rather than a strict methodology.

First of all, it is necessary to know, which ecquipment items
or equipment components contribute to the noise level at the
location of interest. In other words, what is the noise level,
in terms of magnitude and freguency, that may be associated with
each equipment item. This requirement defines the need for a
second type of acoustie data base. The objectives for developing
the data base are to describe the noise environment in terms of

p

the individual components and their paths of propagation.

The analysis of the noise environment is very often 2 complicated
problem, especially in a shipboard situation due to the number of
sources that must be considered and the complexityv of the space
within which the noise is propagated. Two approaches are possible:
. 5 . s 3 3 3 J
(1) Digaonostic Joise Data: This method relies on a i

svstematic data base accumulation in which individual

ones and

joN
-
(@]
b |
LR
-
&

1 e 1y 2 ™ < ~ - &
pieces of ecuipment are operate
their contribution at different locations within the

enfineering space 13 measured simultaneocusly. The
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Heote that the knowledge of the contribution of indivi

d
items to the overall nolise environment at a location ma

to compute the effect of an individual contrcl on the perso:

roise exposure problem. That is, 1f we assume that a 15 dBA
s awtaltY Iahla fAavm +hea fo s Yr Fyvaes Ly v 3t o - R ety
control is available for the geal .rain, then this information may
1 s -+ -~ 1 - P ~ A .
be used to recompute the noise levels at all lccations affected by
this item L 1 tne roce re indieated Iin Ficure 2.1 3is reneat
nLs 1Cem. Enern gne progegure ingicated Jin Figure J.1 iI5 repeated.
5~ o . i o = T " & . BE i e vy 0l GRS A
This action allows for a guick "cause - effect" assessment of
- 2 ~ L2 -~ P 3 2 - N ~ 2. - N e = -
controliling this eguipment item on all personnel affected and
provides a tool for individual equipment noise control trade-off

analysis.

2.4 A Model for Cost Estimation of Noise Control

In the previous sections the as
and individual noise re

sible for

()

>

o

@

/O ]
e

o =

®

34 ” y 2 > 7 ~ $ | ~ } ~ 1o %2 1 ~ -

of norse ceontrol costs. Figure 2.4 shows the sequential steps
!

- - e 4 + - o £ - A = PR
suggested to arrive at the estimate i oise control DETE. ]
e + = o8 I ATre  # £ A eres = - - >
Pirst of ail, the figure shows the individual sou: noise reduc-
4 2 v £ v ¥ - ¢ . < - ~ 1
ti0n reguirements that were da 2loped 1 ne pi 15 a1 .
my 3 2 & faand $ <7 fAr } s o 2 v in te
fese reguirementcts are given 1or each plece oif eJuipmense Air rms

” 3 . 3 4 e - ¥ e s A o o s & su "
e e = i PR Y e mAdPEEESa =iy
The nolse reduction 1 uirements an n D¢ rdaressea in terms of
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The purpose of the nolse control data base i1s to identify the
type and quantify the performance of noise reduction syst

may be applied to existing sources of e i
includes a description of the physical characteristics of the
control measure, its mode of application and installation, and the
expected or measured noise reduction performance. The noise control

techniques fall naturally into two groups:

(1) Proven Noige Controls: This grour includes successful
oise control treatments that are documented by their
performance history from Mavy aprlications. The

objective here is to list all of the noise control
measures that have been successfully developed and
implemented in shipboard environments. Data such as
treatment, configuration, description of
its application, and the amount of the noise reduction
achieved through the application are required in this

portion of the data base.

€2 Conceptual Noise Controls: This group includes noise

control treatments used in other than Navy applications

or noise control concents which have not yet been proven
successful in shipboard enviroments: These measures

may take the form of:

a) Retrofit Controls This generally refers to

ystems that contain the noise near the source,

s
i.e. enclosures, partial barriers, damping, etc.

This generally refers to replace-

N ¢ + e it Fh ~11 - - t
naw J1tt eter ones or the

pal v Wl ol FRY Wit

+ ~ 4 q AT
se control components,
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0
O
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~

Ay ) 4 ~nY 2 A ) - 5
rol technigues are

The cost data base for the proven noise

(

acquired from the experience gained in the installations. Here
variability due to the method of installation (using Navy personnel,
civilian lNavy shipyard personnel or outside contractors) may be
evaluated and be the subject of statistical treatment if appropriate.
No such experience exists for the conceptual nolse controls since
these have not been implemented on Navy vessels and the cocst of

must necessarily be only

hardware, implementation and

a first order est hir

e
be used for that purpose and an average value from three or more

sources used.

The cost of noise control data base may now be used to arr
the total cost of noise control for each vessel and the class
based on the noise reduction requirements of a specific standard.
The procedure allows for the development of a number of cost

trade-off analyses; the two most prominent being:

(1) The determination of the absolute and relative costs
of compliance between two or more noise standards.
For example, the cost of compliance with present
OSHA standar and the incrementeal st of achieving
the proposed OSHA standard for a given ship class.

(2) The cost-benefit analysis of individual noise controls
where the number of ndividuals in cc liance as ¢
result of the implementatior f & control m te
assessed on its own merits or versus another control.

The above analysis may be used to develop budgetary estima
appropriation requests and to assist in defining those noise sou

5

which are most critical from toe standsoint of potential hearing

Aamaca
1amage .

I
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|

3.2 Ships Operational Modes

The operation of the two classes of ships studied was divided into |

periods of time which were both acoustically different and de-

finable from the ships log. The major division of time which
satisfies both criterion is simply in-port and underway. These
modes are further divided into sub-modes based on the ship's
machinery line-up and readiness condition as indicated in
Flgure 3.1

3.2.1 In-Port Operating Sub-Modes

The ships readiness Condition V is synonomous with the in-port

mjy LR -~ e 3 ~ = S oy A2 xr31 Ao A4 nure
The in-port mode 1is sub-divided betwee

r
p's operating mode.

2}
e

sh

n
cold-iron and auxiliary steaming. Thils sub-division is as much a

U

noise related difference as

up difference. For the
gquired forced draft blowers in the fire room and the turbo-
generators in the auxiliary machinery room are oper
auxiliary power. For the DD 963 class, one or more gas turbine
generators are on line for auxiliary power, but are not necessary
if shore power is available.

The cold-iron sub-mode is further divided into periods of time
when the emergency diesel generator is on or off, or undergoing
air-start. The diesel-generator-on is listed only with in-por
operation, even though it also occurs underway. Tnis is done

for convenience and has no effect on the results of this st

Finally, the DD 963 emergency diesels are small and are seldom
used. Therefore, the cold iron sub-mode is not subdivided

for that c¢lass.
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3.2.2 Underway Sub-Modes

For the underway sub-modes,

peacetime cruising (Condition

II) because duty ass

engineering
evaluation,

the small fracti

The noise relate

M
o

forward speed

1. Propulsion machinery

dependent.

2. The auxiliary

for

The available data are

3.

In order to decide upon

define as sub-modes,

nolse on speed. Tw

o

om
i

noise levels
Thes

o1

and fire ro
respectively.
For the purposes

levels at

noise

computed. In the

dence for auxilia:z

for the more
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any other descripto

e data are presente
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15 knots are characteristically small. However, the choice to
consider them separately instead of grouping was influenced by two
other factors; the availability of data and the time spent in
each speed range. Both of these factors are discussed separately

in subsequent sections of this report¥.

With respect to auxiliary machinery room 1, the speed dependence
was not significant with respect to the variability in the data.

However, the data were available for the four chosen speeds and

were treat:d separately mainly to illustrate the variety of
measurement procedures used by different organizations. For
exposure calculations and evaluation of noise control strategies,
the underway data for auxiliary machinery room 1 are all averaged
and treated as a common sub-mode. Noise in auxiliary machinery
room 2 on the FF 1052 is dependent mainly on whether the dizsel
generator is on or off and to a lesser degree on whether the pumps
and air conditioning compressor are on-line. Therefore, the speed

dependent sub-modes are not applicable.

3.2.3 Machinery Line-Ups for Operationa! Modes

The approach used in this study is to consider each unique
machinery line-up and power setting as a separate operational
mode .

This approach was instituted because of the desire to

the needs for and/or the benefits resulting from noise control

¥ The use of findings and conclusions to justify the selection
of operational modes points out that an iterative procedure

was necessary and was used in many aspects of this study.
o « 2 J
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treatments for individual equipment items. Application of this
procedure as originally envisioned was both impractical and counter

productive for the following reasons:

l. The "nominal" nachinery line-ups were well defined and
invarient for cold iron, auxiliary steaming, ranges of
underway speeds, and certain special situations, i.e.,

the selected operational modes.

2. The variations from nominal machinery line-ups are virtually
infinite in number, but with little effect on the noise
levels. For example, the forced draft blower system on
the FF 1052 is under automatic control and the blowers
change speeds frequently. Similarily, two of three turbine
generators in auxiliary machinery room 1 are usually on-
line, but the load is frequently shifted around by the

engineering officer.

The nominal machinery lineups for the FF 1052 engineering spaces
as a function of operating sub-mode are presented in Tables 3.1
through 3.3. The machinery lineups for the DD 963 spaces are
presented in Tables 3.4 through 3.6. Note that the selection

of the particular unit in a set is arbitrary. In fact, the
engineering officer will tend to shift the load around so as

to equalize the time on-1line.

These Tables 3.1 through 3.6 also give the equipment shaft power
and rotational speeds for reference and for subsequent noise

diagnosis.

- -
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3.2.4 Percent Time Spent in QOperating Mode

sub-modes

The percent t

is an importar

The fractional time spent underw nd in-port, plus the break-
iown by sub~-mode was obtained from two NAVSEA documents il?,, 137
and the smooth log of a single FF 1052 ship. The r

in Figure 3.5 are bly lar, suggestin i

class 1s homogeneous or that the ip surveved has been assigned
average duty.

No comparable data were compiled for the DD 963 c . nowever,
there 1s no evidence that the new destroyer class ships will be
at sea elther more or less than the FF 1052 ships. Therefore,
the results shown in Figure .5 will be used for the DD 963

elass.
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in point is the engine rooms for DD 963 class ships. Early
') -

h
information supplied to BBN designated these spaces as being
unmanned. Later investigations revealed that the "unmanned"
status was in fact referring to watch stations, not normal

crew work assignments. In fact, watch assignments are made

in the engine rooms at the present time. Clearly, a need exists
to identify, inasmuch as possible, the actual number of crew
members assigned to engineering spaces with a breakdown of
their time and location at watch and work during each readiness

condition.

3.3.2 Personnel Assignment Questionnaire

Personnel assigned to engineering spaces perform duties which
vary accordingly to the crewman's rating and training as well
as the ship's operating conditions (i.e., in-port or cruising).
Since the evaluation of noise exposure is a function of the
total time spent in noisy environments and compartment location
(when noise levels vary within the engineering space), it is
necessary to quantify in some manner the assignments of per-
sonnel for a given mode. Admittedly, such a characterization
is very difficult to obtain on a man-by-man basis, however,
statistical descriptors that identify these two variables over
the long term and over a ship class are desirable so that average

exposure levels may be computed.

The development of personnel assignment descriptors 1s critical
since, in the final analysis, the noise control efforts which

might be undertaken have as their primary objective the abate-

ment of personnel noise exposure rather than simply noise level
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reductions. Furthermore, the evaluation of a2 nolse expoc

problem or compliance with a hearing conservation standard, be 1t

BUMED, OSHA or any other noise regulation, recuires not cnly an
1+

understanding of the noise environment but alsc the relationsh

s L s : 1 - 4 24 = -
of that noise environment to the personnel exposed tTO» S as
- . K3 . ~ 1 )
b pointed out in Chapter Two.
:
It follows then that certain data base requirements, as described
1 e scat -
S .

in Section 2.2.2, are necessary to describe the personnel
1

ment characteristics. The following information is sought:

(1) The total number of personnel assigned to the
engineering spaces for each destroyver class.

My e - o, £ ~ = 1 = s ¥
That is, the number of people assipgned to the

room(s), auxiliary room(s

(3) In each space, the breakdown on personnel according

to billet title and rate.

I A=ty 8 3 N 1 LY =1 v . ‘ ' ¥ 15+ 14 ey 1l g
(4) Identif'ication of all permanently and ccndi mally
nned watch stations f

5 Definition of the total time (over a 24-hour day)
that specific individuals are assigned to watch
stations. Identification of watch stander (by billet
title and rate), watch station, and total time at [

the watch station.
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(6)

(7)

(8)

3410 Bolt Beranek and Newman Inc.

When the actual total time assignment (over a
n

24-hour day) for an engineering watch station differs
according to the readiness condition of the ship,

glven an indication of the respective time allotments.
The readiness conditions considered are defined in

the beginning of this section.

(el

‘or each engineering crewman (identified by billet

ct

itle and rate), working under the above readiness
conditions, what is the total time (over a 2U4<hour
day) per type of work designation spent performing
normal work and other duties exclusive of watch

(i.e., 4 hours, on the average, performing planned

maintenance, etec.).

The most difficult and yet essential time and location
data for normal work and other duties must be obtained
using a quasi time-motion study or survey. Identi-
fication would include the sub-areas and time durations
where normal work activities, rest, and other duties
are performed. For example, a particular crewman
(identified by billet title and rank) may spend 3

hours of his work time on the lower level and 5 hours
on the upper level. 80% of the upper level time may

be spent in the forward section. This information
usually must be obtained on a long term basi

over the course of a week or month), in order to iden-

tify the average hours spent per location.

In order to obtain this desired information, a preliminary question-

naire was

prepared. The purpose of the ques

ct
pte
(o]
=3

naire was mainly

to test the premise for statistically quantifying time and location
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3.3.3.2 DD 963 (SPRUANCE) Class

A single DD 963 class ship was surveyed to obtain personnel time
and location information. The Personnel Survey was conducted in
the forward main engine room (No. 1) and in the forward auxiliary
machinery room (No. 1). A total of five engine room personnel
and two auxiliary machinery room personnel were guestioned and
observed as they went about their work and watch duties while the
ship was underway. Time and location information was gathered

as well as their comments about off-duty noise exposure. It is
interesting to note that the results of the off-duty survey indi-
cate that the majority recelved their greatest exposure to high
noise levels while-on duty even though a few participated in sport

or trap shooting activities on occasion.

The results of the on-duty work and watch noise exposure times

and locations are presented in Tables 3.19 through 3.30.
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TABLE 3.11.
LOCATIONS

FF 1052.CLASS FIRE ROOM WORK TIMES
DURING IN-PORT MODE - AUX. STEAM

Newman

AND

Ing.

Man o] Rate Respective Hours Respecti Lececations
1 BTFA 18,025 55 FL, FU, FT
2 BTF - -
3 BTFN - -
4 BTFN 1 FL1
5 Bil3 - -
6 BTFN - -
7 BT2 4 FL1IW
8 BTEN - -
9 BIP] - -
19 BTFN - =
~
11 BT 2 e FL, FU
2 BTFN g3 FL, FU
TABLE 3.12. FF 1052 CLASS FIRE ROOM WATCH TIMES AND
LOCATIONS DURING IN-PORT MODE - AUX. STEAM
lan No.J Rate Respective Hours Respective Locations
] BTFA 2 F
2 BTFA 1 FL
BTFN G5 FL, FU
4 BTFN 656 FL, FU
5 BT3 by FL, FU
£ TFB 6. 6 FLy; F
T2 12 FU2W
3TH] 6 FL
¢ T1 12 U2wW
10 BTF1 12 J2V
11 i1 Jp 3 FL, FU
] BTFN - -
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TABLE 3.13. FF 1052 CLASS ENGINE ROOM WORK TIMES AND

LOCATIONS DURING UNDERWAY MODE

inc.

Man llo} Rate

Respective Hours

b + o
Respective Lccations

EN3
EN
MM2

FN
FN
MMFN
MMFN
MMC

Oy 1 oW N

O o0 3

-
=

-

Ul

-
—

2o B p' AR & R = IR 1 G T B [ i e o TR
-
Ul
-
o
Ul

EU8, EU1l
X1W
EL, EU

EL, EU3, ET1W
EL1W, EU, ET
EL1W, EU, ET1W
EL, EU

EL, EU, ET1W, AU
ET1W

TABLE 3.14. FF 1052 CLASS ENGINE ROOM WATCH TIMES AND
LOCATIONS DURING UNDERWAY MODE

Man NoJ Rate Respective H 'S ive Locations
i EN3 by 4 EU8, EU1l1l
2 EN 8 EU1W
3 MM2 8 ET1W
b MM 8 EU1lW
5 FN 8 ET1W
6 FN 8 ET1W
7 MMFN Sy heDy de ET1W, EL, EU
8 MMFN 8 EL
Q MUC 8 ET1W
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TABLE 3.15. FF 1052 .CLASS ENGINE ROOM WORK TIMES AND

LOCATIONS DURING IN-PORT MODE - COLD IRON

inc,

Man No| Rate Respective Hours Respective Locations
1 EN3 b, & X1W, X3
2 EN 8 X1W
3 MM2 6.5, 6.5 EL, EU
L MM a, k.2 EL, EU1W, EU
5 FN 8 EU
6 FN 8 ET1W
7 MMFN Ts 0.5, 05 ET1W, EL, EU
8 MMFN 3+ 5 EL, EU
9 MMC 8 ET1W

NG IN-

PORT MODE -COLD IRON

ASS ENGINE ROOM WATCH TIMES AND
I

Appm—
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TABLE 3.17. FF 1052 ENGINE ROOM WORK TIMES AND
’ LOCATIONS DURING IN-PORT MODE - AUX. STEAM

Inc.

Man No| Rate Respective Hours Respective Locations

EN3 - =
EN - =
MM2 6, 6 AU3, AU9
MM - —
FN - -
FN - | -
MMFN - -
MMFN - -

O & 3 O \J1 & W N+

TABLE 3.18. FF 1052 CLASS ENGINE WATCH TIMES AND
LOCATIONS DURING IN-PORT MODE = AUX. STEAM

Man No. Rate Respective Hours Respective Locatilons

EN3 - -
EN - -
MM2 6, 6 AU3, AU9
MM - -
FN - -
FN - -
MMFN - -
MMFN - -
| Mnc ~ B

WO & 4 O & W N~
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TABLE 3.19. DD 963 CLASS ENGINE ROOM NO. 1 WORK TIMES
AND LOCATIONS DURING UNDERWAY MODE

Mlan No| Rate Respective Hours Respective Locations
] FN 2, 2, U FE1l, Fi2W, El
2 FA Hah s 12 El1l, E12W, E1l4
3 FA b, 4 E12W, E13W
i EN2 2y 35 2 El2W, E13W, E14
b 5 FN B e E1ll, E12W, E14

TABLE 3.20. DD 963 CLASS ENGINE ROOM NO. 1 WATCH TIMES
AND LOCATIONS DURING UNDERWAY MODE

Man No. Rate Respective Hours Respective Locations
1 FN 3, 5 El2W, ER1
s FA %5 5 E12W, ER1
3 FA 8 ECC
4 EN2 8 E12W
5 FN 4, 4 E11, E12W

TABLE 3.21. DD 963 CLASS ENGINE ROOM NO., 1 WORK TIMES
AND LOCATIONS DURING IN-PORT MODE - COLD IRON

Sy

/
Man No.| Rate Respective Hours Respective Locations

1 EN 8 ER1

2 FA 8 ER1

> A ~ R1

i EN2 3 ER]

5 o ER1

e R SRR RIS, S S St




s . T - -~ r C TAMATME RAAT ~ - A m mTAT
3 TABLE 3.22. DD 253, CLASS ENGINE ROCM NO. 1 WATCH TIME
e T i Arn Toa
AND LOCATIONS DURING IN-PORT MODE - CCLD IRON
M )i H N -~ |® -y : - = 1 o~
[MMan No{ Rate Respective Hours Respect ior

FA 8 ER]
3 FA 8 ECC
} EN2 4, 4 ECC, ERI
: 5 FN 8 ER1
Rkl e 7] W S LT

G 328 3 CLASS ENGINE ROOM NC. 1 WORK S
PTABLE 3.23. BD 963 OFL GINE ROO C
ND LOCATIONS DURING IN-PORT MODE - AUX. STEAM
Man No. Rate Respective Hours Respective Locations
4 FN - -
oy - A
2 FA 8 ER1
3 FA - ER1
- b EN2 8 ER]
2 FN - =
B ———he e e a e
TABLE 3.24. DD 963 CLASS ENGINE ROOM No. 1
AND LOCATIONS DURING IN-PORT MODE - / STEAM

Man No.} Rate Respective Hours Respe

1 N = =
‘ FA ER1
3 FA 3 cc

L AT It Y
i ENZ 4y 4 ECC,
L —

gl - -
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TABLE 3.25. DD 963 CLASS AUXILIARY
WORK TIMES

MACHINERY ROOM NO.
UNDERWAY MODE

i
AND LOCATIONS DURING

(Han I.")I Rate Respective Hours Respective Locatlons
l 1 EN2 2.5, 3.5 AR1l, GR3
ki @ PER - o Bran 3 AR1 v

TABLE 3.26. DD 963 CLASS AUXILIARY MACHINERY ROOM NO.

I 1
WATCH TIMES AND LOCATIONS DURING UNDERWAY MODE
Man No.| Rate Respective Hours | Respective Locations
EN2 8 El2W
FA 8 AR1
TABLE 3.27. DD 963 CLASS AUXILIARY MACHINERY ROOM NO. 1
WORK TIMES AND LOCATIONS DURING IN-PORT MODE - COLD IRON
Man Hru._ Rate Respective Hours Respective Locations 5
i = h
i EN2 3.5, . 3.5 AR1, GR3 :
2 FA 8 AR1
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TABLE 3.20 DD 963 CLA! / 1 Y Df INERY ROC (e
WATCH TIMES ANL ALl I G IN-PORT MODE - D IRC

Respective Locations

1 EN2 R - ECC, AR1, ER1

_—

R1

X
pe =3
e

TABLE 3.29. DD 963 CLASS AUXILIARY MACHINERY ROOM NO. 1
WORK TIMES AND LOCATIONS DURING IN-PORT MODE - AUX. STEAM

Man No.| Rate Respective Hours } Respective Locations
1 EN2 3.5, 3.5 | aRr1, GR3
& FA 8 AR]

TABLE 3.30. DD 963 CLASS AUXILIARY MACHINERY ROOM NO. 1
WATCH TIMES AND LOCATIONS DURING IN-PORT MODE- AUX. STEAM

Respective Hours Respective Locations
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3.4 Hazard -- The Description of Compartment
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TABLE 3.321

SUMMARY OF NAVY SHIPBOARD COMPARTMENT
ASUREMENTS

AIRBORNE

NOISE

Measurement Parameters
Navy Measure- Ships
Organi- | Purpose of Measurements ment Speed, | Compart.
zation Type* Knots Surveyed
NSRDC Verify compliance with Oet, 58 15 [ ALY
ships compartment dB(A) 20,24,
category specifications max.
NSRDC Reduce Engineering Space 1/3 Oct | 20,26 Engr.
Noise Levels dB(A)
N.B.
EPMU Verify ship's readiness dB(A) by T 510 | Bngr.,
via inspection 15,16,20
i Bl RS
NEHC Determine personnel dB(A) 0,2,4,6,| Engr.
exposure Dose ---28
-
NUC Evaluate hearing pro- 173 Oct § 18,21, Engr.
tection, recommend A S
noise ccntrol 26,28
SEC Develop requirements 1/3 et | L0y12.5 | Bngr.
and engineer noise dB(A) -==27.5
control hardware N Bl

¥ Oct:

/3 Oets
dB(A):
N.B.:
Dose:

Noise exposure

Octave bands of frequency

1/3 octave bands of frequency
"A-weighted" sound level
Narrow band

easurement
as Wi Clicilv

Inc.
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3.4.2 Selection and Numberina of Locations within Compartments

Combining the man's duty and his noise hazard to arrive at exposure
requires the selection of typical locations in the ship engineering
compartments. The selection of locations should be based on either
the man's duty, or the noise environment, or both. For example, the
watch stations and work benches in the engineering compartments

are logical locations because much is known about time spent. Simi-
larly, a high intensity noilse area, like under a vent exhaust fan,
is appropriate even though the time spent there may be small. The
avallable Navy data have been collected generally at both watch
stations and in proximity to noise producing eaquipments. To simplify
the noise data analysis, from 6 to 11 commcnly used locations on
each major level of each engineering space have been selected and
given a code number. Fewer locations have been selected for the
less frequented deck levels. The coding indicates the compartment,
the level, the location number and whether the location is a watch

or work area, as follows:

E J 2 W
\work Bench or Watch Station Area
Second Location
Upper Level
Engine Room
A summary of the measurement locations for the

DD 963 class are presented in Appendix
jo S

to

o)

shown pictorially in Appendix B.
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3.4.3 The Data Base -- A Summary

The followling sections summarize "A-weighted"noise
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for the engineering spaces aboard the two
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. A speed dependent increase occurs in both the engine
room and fire room, starting at 15 knots. The differ-
ence in sound levels for the 27 and 15 knots sub-modes
averages 5 dB in the engine room and 7 dB in the fire

room. This excludes the control enclosures.

The physical significance of the average deck noise levels are
illustrated in Figures 3.6 and 3.7. These figures show average
noise levels in the lower level of the engine room and upper
level of the fire room of the FF 1052 at 20 knots with constant
sound level contours. The non-uniformity of the noise suggests
that the average sound level i8 not a very accurate descriptor
of the hazard. However, in situations where the personnel work
assignment, for an entire day or a period can only be described
in terms of a deck level, these average deck noise level values

may be used to approximate noise exposure.

3.4.3.2 DD 963 (SPRUANCE) CLASS

ey TG Maa 1Tnaatd ~n + = - o

source (0]J. The location data are contained in Appendix D As

a7 2 4 ey 1T+h +he BRY 10592 - - v "ovre v ‘ -

was the case with the FF 1052 class, "average nolse level" values

(and each mode) were computed. These are presented in Table 3.34.

o
olnce only two measurement locations were utilized for each of three
ilized for f th
1r < 9 o 3 3 3
deck levels, and nce the variability on a given deck was as great
b i > de s Irea
o ~ 29 (] .
as the variability in the entir cmpartment, no effort was made
&/ o sl e s o o g T 3
to describe the average deck level. T} res ng measurement
standard deviations range from + 2 to + 4.5 with an |
eviations nge from ¢ 2 to + 4, vlth an exception

in } vy1a 4 A =11l o T "
in the cold iron sub-mode). This 1s similar to the

1s similar to the

ey AR I 2 her Lo Aarr)atad Pvam s 1 m
variability calculated from the FF 1052 deck level data. Therefore,
W~ - . ~ -~ ¥t 2 A A Ay 4 ~ O 3 - }
the same observations about the dependence on machinery line-ups and
{ 1ery line-up

the accuracy of using average sound l2vels
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dosimetry approaches which were reported, had been incorrectly
implemented with the results yielding noise dose data about a work
area or watch station rather than the dally noise dose of indivi-
duals within the Engineering Department. It should be mentioned,
however, that noise dosimetry data on a personal exposure basis
would be an important calibrating step during a nolse exposure

study utilizing the model as reported herein.

The personnel duty questionnaire, developed to obtain the vital
information link between the man and the noise hazard, was in fact
an unsophisticated approach carried out on a very limited scale.

The obvious difficulties in identifying location and duration of
personnel activity within each engineering space were evident during
the administration of the questionnaire. However, even as a first
order approach, it has provided a beginning and merits further
consideration for refinement. Such a quasi time-motion study is
necessary in order for the Navy to be able to use the location

noise data, as collected by the various EPMU units, to flag locations
which will require more in-depth engineering noise analysis and
control and actually result in reducing the risk of hearing loss

rather than just reducing noise levels across the board.

Due to limited time on board ship; it was not possible for the
consultant to interview all members of each division within the
Engineering Departments. In fact no members of the E and R

Divisions were surveyed for either class of ships.

The Engineering Officers were asked certain questions (see

Appendix A) to gain an overall picture of crew assignments on each

ship, the number of personnel in each engineering space, ship's

operations, ete. At times there were differences in the data as i
reported by E.O.'s and crewmen. Recommendations regarding this

point occur in Chapter 6.
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IV. NOISE EXPOSURE EVALUATION

4.1 Introduction

Thls section presents a summary of the personnel nolse exposure
problem for the FF 1052 and DD 963 class ships. The computation

of noise exposure is based on the data base presented in Chapter

-

Three and Appendix D and was performed 1n accordance with the
guidelines outlined in the noise expusure model. lloise exposure
computations are, provided as a function of operatiocnal modes for

the following standards:

B Navy Space Category D.
2. Present OSHA Noise Standard and BUMED Instruction €260.6B
3e Proposed OSHA Noise Standard.

"yearly averaged"

o

An illustrative example computation of the
noise exposure problem in shipboard situations is 2lso provided
to show how the exposure levels for operational modes may be

combined given an appropriate criteria.

4.2 Daily Noise Dose Methodologyv

In order for one to determine whether or not the engineering crew ?
is In compliance with a speclified noise standard, acoustical
measurements must be made to evaluate personnel noise exposure.

At first this may sound like a straightforward task but in fact

it is not as easy as it appears. Time varying noise 1is typical of
most situations found on board ship. The reasons being that some
machines are operating intermittently and that the crewmen are

moving in and out of different noise level areas. For example,

assume that a crewman works in four different noise areas. Under E—
the current OSHA noise standard, his daily noise dose 1is calculated {
as follows: i;
T e ——— {4
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Location Noise Level Duration.,C Allowable Duration, T
1 87 dBA 3.2 Hrs o
2 92 dBA 2.5 Hrs 6 Hrs
3 97 dBA 0.5 Hrs 3 Hrs
Yy 100 dBA 1.8 Hrs 2 Hrs

= 0+ 0.42 + 0.17 + 0,90 = 1.49

Thus, the crewman's noise exposure is 49% greater than the current
OSHA standard allows. This is a clear violation even though the

%
actual duration at any single noise area did not exceed the allow-

able exposure duration for each area noise level.

The calculation of the daily noise dose under the proposed OSHA
standard for exposures to different noise levels is identical to
the current OSHA standard. The example just given would yield
75% overexposure under the proposed standard as opposed to the
49% under the current OSHA regulations. FYor a more complete

explanation of the standards refer to Section 2.1.

4.3 Engineering Personnel Noise Exposure

Through the use of the questionnaire and certain other guestlons
which resulted from its administration, it has been determined
that, at least for the engineering group, Readiness Conditions
IV and V are impractical for defining watch stations since this
group 1is usually short of personnel. Thus, Conditlons I and III
are, in fact, the main factors in determining watch station

exposure to excessive noise. 1In addition, since the ships seem

to be 1n Condition I less than 5% of the time during the year, 1t
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appears that Condition III is the most critical watch section

exposure factor,

For the purposes of this report (which reflects the results of the
questionnaire) it is generally assumed that watch Condition III,
i.e., four hours on and eight hours off with one watch in three,
aefines the time and location aspects of noise exposure while on
watch, Accordingly, depending upon which watch a crewman stands in
an engineering space, he generally experiences one of two different
Gaily noise exposure modes. The most severe 1s when his watch time
is totally separate from his normal work time. In this case he may
be exposed to at least sixteen hours of noise (in many cases more).
The second exposure mode occurs when at least four hours of his
watch falls during his normal work day, thus reducing his overall
dally exposure duration by four hours. If it 1s assumed that the
four hour reduction includes exposure to four hours of his noisiest
work, then his daily noise dose can be bounded by an upper and
lower limit. The resulting range of his noise dose then can be
expected to include his actual normal nolse exposure for each ship

operating mode.

Table 4.1 gives the survey man-number for each room versus his
rating. The man-nuriber and room are used in the following tables
to identify each individual surveyed. Table 4.2 gives the FF 1052
class personnel overexposed under the Category "D" noise limit.#¥
Tables 4.3 and 4.4 are also for FF 1052 class personnel and show
the daily noise dose range for each man as a function cf the ship
operating mode. Table 4.3 is for the currsnt OSHA/BUMED noise
standard and Table 4.4 indicates the case for the proposed OSHA

standard.

* As was pointed out in Section 2.1.1, Category D is not a personnel
noise exposure standard by a compartment noise standard. In that
sense, crewman are classified as "overexposed" under this standard
as soon as they enter a compartment or area whose noise levels are
above 90 dBA.

e
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Likewise, Tables 4.5, 4.6, and 4.7 present the noise exposure
results for the DD 963 class personnel. These data reflect

the cases for noise exposure criteria under Category D, current
OSHA/BUMED and proposed OSHA standards respectively.

4.4 Engineering Personnel Overexposure

The dally noise dose reveals the extent of overexposure to nolse
for each crewman overexposed. It may also be desirable to know
what percentage or how many crewmen are overexposed on a space-

by-space basis across the ships operating modes.

Such a comparison under ta= d'f erent noise criteria, is given

in Tables 4.8 through 4 13. These tables appear as pairs with the
even numbered tables presentinig the percentage of surveyed personnel
overexposed to engineering spac:c ncise under the different stand-
ard. Since individual surveys of all crewmen 1in each space were

not possible because of constraints beyond the control of those
administering the questionnaires, it is not possible to report the
actual total number of engineering personnel who are overexposed
under the various cases which have been considered. However, 1f

one can assume that the percentage of overexposure holds generally
for the entire engineering complement assigned to noisy spaces,

then by extrapolation it is possible to estimate the total number

of crewmen, for an average manning situation, who are overexposed
under the different noise standards. Tables 4.9, 4,11, and 4.13

show the estimated numbers of overexposed personnel for each ship
class. These data reflect the estimated situation for Divisions

A, B, and M of the Engineering Departments on the FF 1052 class ships
and M Division on the DD 963's. Thus Divisions E and R have not
been evaluated for either class and are not reflected in the

extrapolated results of overexposure.
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TABLE 4.1 PERSONNEL RATE* VS. LOCATION MAN NUMBER
FF 1052 DD 963

FIREROOM ENGINE ROOM ENGINE ROOM AUX. MACH. RM.
Man No.| Rate Man No.| Rate Man No. | Rate Man No. Rate

il BTFA 1 EN3 1 FN 1 EN2

2 BTFA 2 EN 2 FA 2 FA

3 BTFN 3 MM2 3 FA

Yy BTFN it MM Yy EN2

5 BT3 5 FN 5 FN

6 BTFN 6 FN

7 B7'2 if MMFN

) BTFN 8 MMFN

9 BT1 9 MMC

10 BTFN

231 BE1

12 BTFN

# E and R Division personnel from the Engineering Deparments of

either ship class were not evaluated in thils study.
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TABLE 4.2 FF 1052 CLASS PERSONNEL EXCEEDING THE
SPACE CATEGORY "D" noise limit of 90 dBA
SHIPS OPERATING MODE
In-Port Underway, Knots
Duty Man No.| Cold Aux .
Room i Iron Steams 5-10 14-1¢€ 20 26-28
1 X X X X
2 X X X X
3 X X X X
4 X X X
5 X X X X
6 X X X X
7 X X X X
8 X X X X X
9 X X X X
10 X X X X
£l X X X X
e X X X X
1 X X X X
2 X X X X X
3 X X X X b
4 X X X X X
5 X X X X
6 X X X X
7 X X X X
8 X X X X X
9
Total Number
Surveyead 21 13 21 21 21 21
Number
Overexposed 8 0 17 20 20 20
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FF 1052 CLASS PERSONNEL - DAILY NOISE DOSE RANGE
UNDER CURRENT OSHA/BUMED STANDARDS (INCLUDE 90 dBA AND ABOVE) FOR

SHIPS OPERATING MODE*

In-Port Underway, Knots ——4
Duty Man No.| Cold Aux.
Room > Iron Steam 5-10 14-16 20 26-28
1 0 0 8.2 2.0-2,6| 3.3-4.3{6.2-8.1
2 0 0 0.0.1 1.6-2.1| 2.4-3.2]3.9-5.0
3 0 0 0.0.1 1.6-2.1| 2.6-3.5[4.9-6.1
4 0 0 0 0.4-0.9] 1.6-2.2|2.3-3.2
= 5 0 0 0.0.4 2.2-2.7| 3.7-4.5[6.5-7.5
S 6 0 ¢ | lla.h-g.d s.5-0.3) 6.7-8.1/ 9.4-11.4
v 7 0 0 0-0.6] 2.5-3.1| 4.3-5.1}7.5=-8.7
- 8 0.1-0.7| O 0.2-1.1] 1.9-2.9| 2.8-4,2| 4.2-6.4
9 0 0 0-0.2] 0-0.6 0-1.1] 0-1.7
10 s O | 0 0 1.4-2.1| 4.0-5.1{6.0-9.3
11 0 0-0.5 1.9-2.4| 3.3-4.0[5.3-€.3
12 0 1.1-1.3/ 1.9-2.8| 3.4-4.9[4.8-7.3
1 0 - 0 2.2-3.0| 2.6-3.9/6.0-8.0
2 .5 - 1.1 1.3 1.5 2.3
£ 3 .9-1.7/0.8-1,5/0.5-1.4 0.7-1.7] 0.9-2.3|1.4-3.7
° 4 0.3-0.5| - 1.1-1.6 1.7-2.5| 2.1-3.2| 3.0-4.6
. 5 0 - 0.4-0.8 0.6-1.1}| 0.8-1.6}1.3-2.6
= 6 0 - 0.3-0.8 0.4-1.1] 0.6-1.5/0.9-2.3
vy % 0 - 1.2-2.1 1.5-2.5| 2.0-3.4] 3.2-5.14
8 0.4-0.8 - 2.1-2.8 2.5=2,3] 3.3-4.4|5,3-7.1
9 0 - 0 0 0 0
TOIG;VESgSER 21 13 21 21 21 21
NUMBER
OVEREXPOSED 0-1 0-1 6-8 |15-18 16-20| 18-20
* Assumes full daily exposure for each mode.
_93_
——
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TABLE 4.4 FF 1052 CLASS PERSONNEL - DAILY NOISE DOSE RANGE
UNDER PROPOSED OSHA STANDARD (INCLUDE 85 dBA AND
ABOVE) FOR THE REPORTED EXPOSURE TIMES

SHIPS NPERATING MODE*
In Port Underway, Knots
Duty | Man No. Cold Aux . !
Room 1 Iron |Steam 5-10 14-16 20 26-28
1 0 1.1-1.4/1.5-1.9/2.0-4.3]3.3-4.3]|6.2-8.1
2 0 1.0 |1.2-1.6(1.6-2.1(2.4-3.2|3.9-5.0
3 0 J.h {1.2=1.6]01.6-2.1]2.6=3.5|%.9<6.1
4 0 1.1 |0.3-0.8/0.4-0.9[1.6-2.2|2.3-3.2
= 5 0 1.1 |1.6-2.0(2.2-2.7{3.7-4.5(6.5-7.5
S 6 0 1.1 |2.7-3.2/3.5~4.316,7-8.1]9.4-12.4
o 7 0 0-0.3]1.9=2,4}2.5-3.1]4.3=-5.1]7.5-8.7
- 8 0.1<0.7 0.5 11.7+2.62.0=3,1]3.0=8,3] 8.3=5.5
9 0 0 0-0.4] 0-0.6] 0-1.1| 0-1.7
10 0.2 0 1.7-2.2{2.1-2.8|4,0-5.1|6.0-8.3
11 0 0.7-1.1{1.4-1,8{1.9-2.4{3,3-4,0{5.3-6.3
12 0 0.5 |1.4-2.0/1.9-2.8]|3.4-4.9/4.8-7.3
1 0.3-0.6 - 1.3«1.712.2-3.1{2,6-3.9|5.0-8.0
2 0.8 - o 1.3 1.6 2.3
§ 3 §~2,6l 1.9-2.6/0.5-1.4/0.7-1.7/0.9-2.3]1.4=3.7
2 4 T=1.1 - 1,4-2,1|1,7=2.5/2.1=3.2| 3.0=4.6
- 5 .3-0.6 - 0.4-0,8/0.6-1.1/0.8-1.6{1.3-2.6
o 6 0 - 10.3-0.8/0.4-1.1/0.6-1.5/0.9-2.3
o 7 0.2 - 1.2-2.1/1.5-2.5|2.0-3.4]|3.2-5.4
8 0.7-1.5 - 2.2-2.9/2,5-3.4/3.3-4,5|5,3-7.1
9 0 N 5 0 0 0 :
Togﬁkvg$ggER 21 13 21 21 21 21
OVEgg?gggED 1-3 6-7 |15 - 16/15 - 18/16 - 20{18 - 20

¥Assumes full daily exposure for each mode.

-9~
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TABLE 4.5 DD 963 CLASS PERSONNEL EXCEEDING THE SPACE
CATEGORY "D" NOISE LIMIT OF 90 dBA

SHIPS OPERATING MODE
o In Port Underway, Knots
Duty Man No. Cold Aux.
3 Room 7 Iron Steam 8#* 15 20 27
E = 1 " X X X
: e 2 X * X X X
: S e i ,
i x X X B¢ X
| { <
E > 5 * X X X
E [ =4
| |77 )
>’>a'_
S S .
- e X x X X X
-e g
X O O
>3 © O
< T x
TOTAL NUMBER
SURVEYED 7 5 2 7 7 7
' NUMBFR
OVEREXPOSED B 4 0 6 6 6

¥ Noise level data for this mode are not available for the
engine rooms,

i

i
t‘
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TABLE 4.6 DD 963 CLASS PERSONMEL - DAILY '"OISE DOSE RANGE
UNDER CURRENT OSHA/BUMED STANDAPDS FOR REPORTED
EXPOSURE TIMES

SHIPS OPERATING MODE#
In Port Underway, Knots 4 ’
Duty [Man No. Cold Aux. f
Room % Iron Steam g## 15 20 27 ,
- 1 0 - - 1.6-2.1/1.5-2.1[1.9-2.8 !
- 2 0 0.5-3.1 - 1.4-2.2(1.3-2.1[1.7-2.5 |
[} ]
g 3 0 0.3 = 0.7-1.60.6-1.5[0.7~1.6
:_3 4 0 0.3-0.8 - 2.1-2.912.0~2.8 |2,.1+2.9
oo 5 0 - - 0.2-1.6/0.8~1,5(0.8-1.5
s
>»>P'
Sao 0-0.8 p.1-0.9 - 0.7=1.3 1.2-1.810.7-1.3
— CZ
ol 2 0 0 0 0 0
X OO
3 O
[~ ol e
TOTAL NUMBER 7 5 1 7 T 7
SURVEYED
NUMBER 5 it ’ .
OVEREXPOSED i o - 3-6 a5 3-6 4
# Assumes full daily exposure for each mode. 1
## loise level data for this mode are not availlable for the engine :

Io0onms .
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TABLE 4.7
DD 963 CLASS PERSONNEL - DAILY NOISE DOSE RANGE UNDER
PROPOSED OSHA STANDARD FOR REPORTED EXPOSURE TIMES

SHIPS OPERATING MODE*
IN PORT UNDERWAY KNOTS
:
: Duty Man No., Cold Aux. !
4 Room Iron Steam | B8** | 15 20 | 27
1 o L A V.3=-2230.5-2.312.1-2.9
gL S 1.5-2.1] - 1.6-2.41.5-2.2/2.0-2.7
|
, 3 | 0 0.5 . 0.7-1.6D 5-1.510.7-1 6
o
= 4 ? 8 11.0-%.8 -~ |2.1-2.9p.0-2.8(2.1-2.9]
|
3 O e 5 e NI A . 2-1.901.8-2.7]
o |
[§]
&
b4 |
(58]
i |
| | |
i 1 , '
~| 1 jo.4-1.2p0.7-15 - [1.0-1.6].5-2.0{1.0-1.6]
Frondy | | | |
® @ o 2 10.9-1.210.9-1.20.9-1.2/0.9-1.20.9-1.2/0.9-1.2
cEe | | | | |
X O O ! ! ‘ |
S mo | ‘ 1
S E ‘ | | | ‘
: 3 I S | |
‘ Total Number § ;
y Surveyed } 7 SR 7 T g 7
: £ ! i
: Number , '
] Overexposed ' 0-2 2-4 | 0-1 | 4-7 5-7 | 4-7
i _-_L._”__“w_aj_qﬁk_',wi Ll A |

* Assumes full daily exposure for each mode.

** Noise level data for this mode are not available
for the engine rooms.
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TABLE 4.8 PERCENTAGE OF SURVEYED PERSONNEL OVEREXPOSED
UNDER CATEGORY "D" NOISE CRITERION

PERSONNEL ASSIGNMENT PERCENT RANGE OF QVEREXPOSED
PERSONNEL ,%
Ship| Work Manpower|Ave. |Total SHIPS OPERATING MODE
Man- {Sur-
Class| Room {Doc(SMD)| % Cld.| Aux.l5-10 14-16 20 26-78
ning|veyed Len,l St. [ Kts, Kts.l Kts. Kts.
1052 |Engine 26 18.0 9 67% 0 78% 89% 89% 89%
Room
Fire 30 24,51 12 17% 0 83% | 100% [100% |100%
Room [
Aux.l 9 10.0 0 - - - - ;— -
Aux.2 - 5.0 0 - - - - - |-
ALL S5 2% 38% 0 81% | 95% 95% 95%
963 |Engine - 9 5 0 ea% - [100% 100% [100%
Room 1 |
Engine - gy - - = 4l TR e
Room 2 ‘ f
Akl 2 |50z | s50%| o ;50% 50% | 50%
Aux. 2 - 8 0 - = = i - - | -
ALL - 20 7 4% ]| 80%| O jaez 86% | 86%

TABLE 4.9 EXTRAPOLATED PERSONNEL* OVEREXPCSURE
UNDER CATEGORY "D" NOISE CRITERION

Ship| Work QZg: Percent Cold | Aux.|5-10|14-16] 20 |26-78
Class| Room ning Surveyed vran SE, TKES o KEs, [KTs.] KES.
1052 | Engine|18.0 50% 12 0 14 16} 16 16

Room
Fire Rm|24.5 50% 4 0 20| 24| 24 24
Aux. 1/10.0 0% S - | -] -
|

Aux., 2§ 5.0 0% - - - - = e
7

ALL 157.5] 37% 22 0 47 551 55 e
i
963 EngRm.1| 9 56% | 0| 9 - 9 9 9
EngRm.2| 3 0% ; - - | - - & a
Aux. 1 | Se 5 y | ;| . " " 4
Aux. 2 8 | €2h | AA_#”i ; v
ALL |20 | 35% 3. | 16 ¢ 17] 17 17

# Exclusive of Divisions E and R.
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TABLE 4.10 PERCENTAGE OF SURVEYED PERSONNEL OVEREXPOSED
UNDER CURRENT BUMED & OSHA NOISE STANDARDS

. PERCENT RANGE OF OVEREXPOSED
PERSONNEL ASSIGNMENT PERSONNEL , %
Ship| Work Manpower|Ave. |Total SHIPS OPERATING MODE
Man-|Sur- |

Class| Room |[Doc(SMD)| ¢ Cld.|Aux. |5-10 | 14-16| 20 |[26-78
ningiveyed| 1., st | Kts.| Kts.|Kts.| Kts.
1052 |Enging 26 [18.0/ 9 |0-11%|0-11% 44-| 56- | 56-| 78-
Room , | 56% | B9% | B9%| 89%
Fire 30 24.5| 12 0 ’ | 17- 83% 92-| 92-
Room # | 25% 100% | 100%

fux. 1 grttpatt e b ] - s -

Aux. 2 - 5.0 0|~ |- | -] = - -

i - l

T ﬂr! - - - —
ALL 57+5 21 [0~ 5%|0- 8% %gﬂl g%% ;g% gg%
963 | Engine - 9 5 | 0 0-33% - 60- | 60-| 60-
Room 1 [ 100% [100%| 100%

Engilne - 3 0 - = - = = =

Room 2 ;

Rux, I = 2. |0 0 0 [0-50% | 50%|0-50%

T S e T R T TR S
I i3- = -
ALL g oy [ T s SRR 62z | 3oz 327

TABLE 4.11 EXTRAPOLATED AVERAGE RANGE OF PERSONNEL* OVEREXPOSED
UNDER CURRENT BUMED & OSHA NOISE STANDARDS

Ave.

Ship Work |- " |Percent Cold | Aux.|5-10|14-16| 20 [26-78
Class| Room ning Surveyed Fpom | St. |[Kts. | Kts. {Kts. | KEs.
1052 | EngRm |18.0 50% 0- 2 |0~ 2]8-10{10-16 {10-16] 14-16

FireRm |24.5 50% 0 0 b- 6 20 |23-24 23-24
Aux. LI | L1050 0% - - - - - -
Aux., 2 S 0% - - - - - -
ALL 571.51 37% 0- 3|0~ 5[17-22]41-49|44-55 49-55
963 [EngRm.1| 9 567% 0 Q= 3} = 5= 5l -9 o= 3
EngRm.2| 3 0z - ~ - - - -
AU.X. l 3 ~ o u - ]11
Ay, D 8 25% 0 0 0 0 4 0
ALL 20 35% 0 0- 4] © 9-17]11-17 9-17

¥ Exclusive of Divisions E and R.

«-0Q=
s 7/
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TABLE 4.12 PERCENTAGE OF SURVEYED PERSONNEL OVEREXPOSED
UNDER PROPOSED OSHA NOISE STANDARD

\ N i PERCENT RANGE OF OVEREXPOSED
PERSONNEL ASSIGNMENT PERSONNEL, %
Ship| Work |Manpower|Ave. |Total SHIPS OPERATING MODE _
Man- {Sur- Ry :
Class| Room [Doc(SMD) | ¢ Cid.jAux.|5-10| 14-16 20| 26-78 !
ning |veyed | 1 "1st "|kts.| Kts. Kts. Kts. |
1052 |Englnd 26 18.0| 9 15~ 111% 156~ | 56= | 56=] 18- i
Room 33% 67% 89% 89% | 89%
Fire 30 24.51 12 0 4o~ | 83% 83% G2-| g2~
Room 50% 100% [100% :
Aux, 1 9 10,0 0 - - - - - - ;
Aux. 2 = 5.0 0 - o o " _ 2 . i
5- L6~ |71~ 1- | 76~ | 86-
ALL 57-51 2L | Juq |su2 | 762 | 86% | 95% | 95%
963 |Engine - 9 5 0 67% - 80- 80- | 80~
Room 1 100% [100% |100%
Engine - 3 0 - - = - - b -
Room 2
Aux. 1 - 2 0- 0- 0~ 50- 50- | 50~
8 100% )100%|100% |100% [00% [00% , !
Aux. 2 - 0 a - - i - -
0- 4o- 0- 57- 71- | 57-
ALL S 20 ¥ 29% 80% 1100% [100% hOO% 100%

TABLE 4.13 EXTRAPOLATED AVERAGE RANGE OF PERSONNEL*OVEREXPOSED

UNDER PROPOSED OSHA NOISE STANDARD 1
| Ship Work | u'®:Percent Cold| Aux.| 5-10[14-16] 20 6-78
. Class| Room | o iSurveyed Iron| St. | Kts.| Kts.| Kts.|Kts.
3 1052 | EngRm | 18.0 50% 2- 6| 2 [10-12|10-16[10-1614-16
" FireRm | 24.5 50% 0 10-12; 20 20 [23-2423-24
A fux. 1 [10.0 0% - - - - ~ -
E hux., 2 540 % - - - ~ -
b ALL D71 o5 37% 3-8 [26-3141-44 |41-49j4l4-55] 49-55
? 963 | EngRml| 9 56% 0 6 - = 9P~ 3.~ 5
s EngRm2| 3 0% - - - = e
) Aux. 1 59 O- 8l0- 8 |0~ 8| 4~ 8|U~ 8| 4~ 8
aux, 2| © i :
ALL 20 35% 0- 6 (8-16 | 0-20 |[11-20[14-20 11-20 ;

* Exclusive of Divisions E and R. ,
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4.5 VYearly Averaged Daily Noise Dose

The above results point out that for the FF 1052 cl: gine room
i}

roximately

=W
(0]
o)
T O
o B |

personnel, man number 4 (M Division, MM Rating) fa
in the middle by rank ordering daily noise dose ranges. Thus,
roughly half of that areas' personnel receive greater noise

exposure and half receive less. Using man number 4 as an example,
rl

S
L -
M
4]

it is instructive to look at an operating mode-weighted o
averaged" daily noise dose. All existing time weighted noise
exposure criteria are addressed to exposure on a diurnal basils
(except in the proposed OSHA standard for an individual who is
exposed to excessive noise for only one day in any week). The
yearly averaging approach takes into consideration the fact that the
ship's operating modes vary in a certain general way throughout
o

the course of a year. Using the NAVSEC "percen time in mode"

n O

information presented and discussed in Sectiom 3.2, it 1s possible
)

to arrive at a yearly averaged daily noise dose (Y.N.D.) with the

following formulation:

YN D

(% Time)
.

"

™
o

2

where y refers to the different operating modes.

The yearly averaged daily noise dose ranges for the example crew-

men are given in Table U4.14 using the OSHA and BUMED criteria.

4.6 Summary of Noise Exposure Problems

1t is apparent from the foregoing evaluations that the nolise

exposure of personnel under the three criteria considered 1s exces=

sive for both ship classes. However, the extent f exceedance
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differs both as to noise overexposure and percentage and number

of overexposed personnel.

The daily noise dose under the current OSHA/BUMED noise standards
ranges from 0-11.4 (2.22 mean and 2.3 standard deviation) for the
FF 1052 class engineering personnel across the

modes. For the DD 963 class personnel, the daily noise dose ranges
from 0 - 2.9 (1.13 mean and 0.88 standard deviation). That means
that the FF 1052 engineering personnel exceed the current standards
by as much as 1,000% (122% average) while the excess exposure

peaks at 190% (13% average) for the DD 9€3 class considering all

operating modes.

As far as percent of engineering personnel overexposed, the two
ship classes are more even with the FF 1052 having a slightly
greater problem. For the current standards, the percentage ranges
of overexposed engineering personnel for certain spaces in both
the FF 1052 and DD 963 classes are from 0-100% for all operating
modes. The FF 1052 averages U49% overexposed while the DD 963
averages U42% overexposed engineering personnel across the

operating modes.

Considering the number of overexposed engineering crewmen on each
ship for the two classes, there are expected to be an average of
28 on the FF 1052 and 8 on the DD 963's, averaged across the
ship's operating modes. These numbers are exclusive of E and R

Division personnel for both ship classes.
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V. CONCLUSIONS

5.1 Introduction

The nature of the assessment i : ige exposure
reflects the fact that t comg 2tior s > = in complex
environments, sucl 5 the shipk i situation, 1Is 3 Simple
exercise but a com cated g dure due C er of parameters
that must be evaluated ‘his Y x1ity demand h: some level
standards
cost
accurate
ace noilse problems i ship class

swide corrective actions are initiated.

5.2 Noise Data Base

Although no central standard -ilon w: found among the various

Navy sources which acguire air i data aboard ships, the

data collected were found dequate for the computation of

ncise exposure in the case el 3 )5 . Noise data on

the new DD 963 class are Ve i ed due to 1its relatively

recent commissioning and e ) jered marginal in extent. Only

noise data correlated toc the shi 3 O} ating modes were of value

in the determination of personr noise exposure.

Diagnostic noise source data, vital to the understanding and control

of the noise problem, was found to be limited in quantity and extent.

For example, noise data y a single DD 963 class ship was

found to exi and was conflined to the engine mp m « An
ication and

within the
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5.3 Duration of Duty Data Base

The data base necessary to describe the personnel work assignments,

on a location by location basis in machinery compartments, 1s non-
exlstent within the Navy; at least, the researchers were not able

to uncover any sources. The time and location data reported herein
were collected during this project by means of a questionnaire

which was administered on a very limited scale. As & result, the
accuracy of this input may be construed as a first approximation.
However, the viability of acquiring these data has been demonstra-

ted. It 1is suggested that EPMU units modify slightly their data
acquisition procedures to accommodate this requirement (See Chapter 6).

5.4 Personnel Exposure

The reported results of personnel noise exposure in shlpboard
machinery compartments shows that, 1in general, crew exposures

are excessive regardless of the standard considered. Most impor-
tant to reallize, however, 1s that by following the procedures of
the model, an accurate, quantitative deseription of indlvidual
noise exposure can be obtalned. The accuracy of the exposure
descriptor is of course a function of the accuracy of the data
base. This description was the first objective of this program.

A quantitative description of crew nolse exposure does not result
from the current procedures used by the Navy. Although BUMEDINST
6062.6B specifically calls for nolse exposure assessment, the
current practice 1s baslcally limited to area or location noilse
measurements. Little effort is being made to quantify the duration
of the individuals duty in various hazardous nolse environments.
The parameter of duration is essential in the computation of

personnel noise exposure.

-106-
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The personnel nolise exposure computations show a number of signi-
1, as anticipated, the magnitude and

—

i &

-
o

O

ficant results. First

e st ly dependent on the operational

-.

W)
)

b |

extent of overexposure cn

o

-

v

11t 1In higher nolse levels

4]

modes of the ship; higher speed

L) U]
(@]
Lo
a
=
4}

and an 1lncrease in the number o overexposed. This fact

1s especially evident for the FF 1052 ¢ s where the number of
people overexposed varles from 0 to 1 at cold iron and up to 18-20
when underway at 27 kncts (see Table 4.3). Similarly, the magni-

from low to high speeds.

C

tude of overexposure may vary by 600

Secondly, the variation in the extent and magnitude of overexposure,
as calculated under different standards, is most evident in port

and at low speeds. For example, while in-port, the present OSHA/
BUMED standard results in 0-1 men cverexposed for cold iron and

0-1 men for auxiliary steaming (see Table 4.3). However, the pro-
posed OSHA standard gives 1l-3 men overexposed for cold iron and

6-7 men for auxiliary steaming (Table 4.4).

At medium to high speed, specifically the 15 knots, 20 knots and
the 27 knots sub-modes,all standards show the majority of the
surveyed crew overexposed to noise. For the FF 1052 class the
number of crewmembers overexposed varies from 71 to 95% of all
crew members surveyed; the correspoAd ing figures for the DD 963
range from 43 to 100% (See Tables 4.8, 4.9 and 4.10). The
magnitude of overexposure for some individuals are as high as
1000%! (See Table 4.1, 4.2, and 4.3).

The results of the nolse exposure computations shows the flex-
ibility of the model 1 rational modes and standards
on an individu or overall crew basis. The resulting knowledge
of the magnitudes of overexposure is an important element to be
considered when decisions are to be made concerning the noilse
control requlred to meet a specified standard.
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5.5 Noise Standards vs. Duration of Exposure

As 1s often the case 1in research, the results of a study assess-

ment provide some answers but also generate more questions; in

this instance, questions regarding the interpretation of standards.
For example, the OSHA standards were developed assuming an extended
exposure,over a number of years, to occupational noise levels.
Furthermore, the OSHA standards are predicated on the assumption

that after every daily exposure a significant recovery period occurs.
The Navy shipboard environments however, differ in a number of ways

from the foregoing assumptions.

First of all, crewmen are not exposed to the excessive noise levels

for the long term. 1In fact, .due to the varied operational modes

of the ship, excessive exposure may be limited to only a few months
per year. Secondly, and again over the long term, engineering

space crew members are limited in their exposure due to the length

of their tour of duty. Both of these considerations would indicate
that the shipboard noise environment is not as severe as the
industrial environment for which the OSHA standard was developed.
However, there are two other considerations which suggest just the
opposite conclusion. First, while exposed to excessive nolse levels,
the ship's crew often must perform their duties for extended periods
of time, well beyond the industrial experience. Work days of 12 hours,
16 hours, or more are not uncommon and for some readliness conditions are
normal. Secondly, the ship's personnel, while at sea, represents

a captive audience. The recovery time assumed by OSHA for the
industrial worker often does not occur on board ship since many
non-engineering spaces, where the crew spends their off-duty

hours, are also comparatively noisy. The foregoing considerations,
coupled with the lack of sufficlent noise exposure data to account

for the off-duty contributicens during the different operating
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modes, make 1t difficult to compute an actual dally noilse dose
accounting for both on and off-duty contributions. Therefore,
although the procedures suggested in thls report do provide an
accurate method for computing personnel nolse exposure under
present standards, the applicability of these standards to the
shipboard situation may be seriously gquestioned.

5.6 Applicability of the Noise Exposure and Noise Control Model

Even though this project is limited to the evaluation of engineering
spaces on two ship classes (FF 1052 and DD 963) the model for the
assessment of nolse exposure, noise control, and costs is

and applicable to any ship class in the fleet. The model may also
be easily applied to noise exposure evaluation over the entire
24-hour day provided that an appropriate 24-hour ncise standard

is available.

The strength of the model reported herein is derived from two
factors: (a) The accuracy of the data base and; (b) the syste-

f the exposure
l effort. The

matic approach to the computation and evaluation
problem and costs assoclated with any noise contr
data base format allows for an organized evaluation of the data
and easy addition of new information as it becomes available. The
computation and evaluation procedure lends itself to computerization,
if desired. The nolse reduction requirements procedure, source
evaluation, and cost analysis provide the user with the ability

to undertake cost estimation and cost trade-off studies in order

to optimize the cost-benefit relationship for noise abatement.
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VI. RECOMMENDATIONS

This chapter contains the recommendations for improved data
acquisition procedures and further research in personnel noise
exposure/shipboard noise control problems.

6.1 Improvement in Navy Shipboard Noise Measurements

One of the main results of this study has been the documentation
of the variation in procedures used by the Navy for gathering
compartment airborne noise data aboard ships. These variations
in procedure seriously limit the usefulness of the data by any
organization other than the performing one. Nonconsistent data
acquisition procedures degrade the data by adding the variability
of such factors as machinery line-ups and measurement location

to the inherent ship-to-ship and time-to-time variability.

These shortcomings may be alleviated by a modest amount of
standardization and extra effort on the part of the measuring
organizations. Specifically, the following steps are recommended:

1. Standard measurement locations should be adopted for each
class ship in question. These locations should include
work areas, watch stations, and near machinery requiring
frequent maintenance. The locations adopted for this
study are recommended for the FF 1052 and DD 963 class

ships, see Appendix B.

2. The number and type of measurements should be standardized.
All noise surveys should inclue "A-weighted" sound level
measurements at a minimum of six locations on each level
of each engineering space. The EPMU surveys are usually
performed this way, but the NSRDC Category "D" compliance

S —
.
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checks are not. Octave band and one-third octave band

- analyses are not of universal interest and may be made

at the convenience of the measuring organization. Finally,
the sound level at a location should be space averaged

by moving the microphone about a circle at eye height and
visually averaging the meter reading.

3. The noise related ship's operating parameters should be

listed with each ncise survey. These parameters include
the ship's operating mode and the machinery line-up in
the particular compartment. The purpose of documenting
_ the exact machinery line-up is to identify variations

f from the nominal line-up for the particular operating
mode. The recommended operating mode classifications

are as follows:

a) In-Port

« Celd Lron
« Auxiliary power or auxiliary steaming

I b) Underway (to be adjusted to the ship's full speed)

« 8 £ U knots
« 15 2 knots
« 20 2 5, =2 knots

« 27 £ 1 knots

I+

5 4y, The "A-weighted" noise level history for each ship class

should be maintained and a norm established.

-112-
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6.2 Improvement of Personnel Assignment Data Base

The questionnaire used in thils study was tco cumbersome and complex
to be utilized for future data acquisition purposes. A detalled and
time consuming survey 1s necessary, however, if cnly a few ships

are used to develop a data base.

On the other hand, i1f data from a large sample of ships 1s gathered,
then by relying on such a large sample we can significantly reduce
the complex nature of the questionnaire. It 1s our recommendation,
therefore, that the EPMU noise survey procedures be standardized
throughout the Navy and also be modified to include personnel
assignment data. The following 1s a suggested procedure which
should be the focus of further investigation and scrutlny before

it is adopted.

During the course of each noise level survey of engineering spaces
(may be extended to off-duty spaces with the adoption of an appro-
priate exposure criteria), the person making the nolse measurements
should ask the following questions of personnel in the immediate
vicinity of the measurement site:

What 1s your billet number and rating?
Are you a watch stander or do you accompany a watch stander
as part of your training?

3. On a daily and weekly basis, approximately how much work time
(exclusive of watch duty) do you spend at this location?

4, Likewise, how much watech time is spent at this location?

Once those collecting these data understand the intent, these

:

questions could be simplified iIn tabular form as in the following

example;
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Measurement | Crewman's T&atch Stander | Hours per day/week ]

Location Billet No.| Ratelor Trainee (/)| at this Location
Work Watch
FLW1 01850 BT3 i 2/14 8/32

IR

[T e e e

The assumption for this simplified approach is that in surveylng
an entire ship class, most of the assigned billet numbers or rates
will be covered. It will not be necessary to seek out individuals
who are not near to the appropriate measurement sites, since for

a large number of samples thelr corresponding billet number and
rate will be surveyed near measurement sites on other vessels.

It is obvious then that a compllation of these data for a glven
ship class 1s essential to be able to evaluate personnel nolse ex-

posure in a systematic way.

6.3 Improvement of Personnel Noise Exposure Measurements

The determination of daily noise dose under very complex situations
can be simplified using a personal noise dosimeter. The dosimeter

s

must be attached to the crewman while he moves from location to
location so that it continuocusly monitors the varylng nolse environ-
ments to which he is exposed. The noilse dosimeter is therefore
very useful in calibrating the survey procedures outlined 1ln the

model.

Note however that dosimeters cannot be used to find the cause of any
excessive exposure. Thus, one 1s alerted only to the extent of

excess exposure and should initiate a detalled survey to determlne

the relative causes.
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6.4 Evaluation of the Cost of Noise Control

The original obJective of this program was to determine a first
oraer cost estimate for the implementation of englneering noise
control systems on two ship classes. As was pointed out in the
introduction, this objective was only partially fulfilled due

to the difficulties encountered in the data acquisition portion
of the program. However, the framework for an organized data
base and computation steps necessary to achieve the final objec-

tive have been provided.

It is recommended that the work necessary to at least complete
the original work for the two ship classes considered be under-
taken. The possibility of other ship classes, for which airborne
noise data is available, should also be considered.

=L L5~
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APPENRIX A

DESCRIPTION OF PERSONNEL ASSIGNMENTS
IN ENGINEERING SPACES ON BOARD NAVY SHIPS

I. QUESTIONS FOR THE ENGINEERING OFFICER: (also see Chapter II)

these spaces?

a. How many people are assigned to each fire room (FF 1052)? ‘
b. How many people are assigned to each engine room? i
c. How many people are assigned to each of the two

auxiliary machinery 2

J
d. How many people are assigned to the after-steering

space

o

. If we could break down the above personnel into subcategories
of boiler operators, machinists, enginemen, repair/
maintenance personnel, electricians, etc., what is the

breakdown by number of the above personnel for these or i

(i
n
L

additional assignmen
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3 6. Our understanding is that there are four readiness
conditions which are usually operative on Navy ships.
These are:
a. Condition I. (General Quarters)
b. Condition III. (War-Time Steaming)
¢c. Condition IV. (Peace-Time Cruising)

d. Condition V. (In-Port/At Anchor)

Please describe the differences in total time per individual
watch stander that is spent under each one of the above
readiness conditions based on a 24-hour day. How might this
relate to the number of watch sections specified on the
wateh blll?

7. Under the same readiness conditions, please describe the
differences in total time per man spent performing normal

work duties.

a. Condition I. (General Quarters)
b. Condition III. (War-Time Steaming)
c. Condition IV. (Peace~Time Cruising)

d. Condition V. (In-Port/At Anchor)

L ol i s e

ST

()
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‘ II. SHIPS QOPERATING MODE QUESTIONS TO BE ASKED THE ENGINEERING

OFFICER:

Bolt Beranek and

Hlewman Inc.

f 1. We are interested in defining the operatling parameters of
| your vessel. We would like to obtain a rough br iown,
| over the course of one year, I'or the tir spent 1n-port/
| at anchor and the time spent crulsing. This information »
I can be given to us in terms of percentages. For example,
{ 40% of the time may be spent in-port and €0% of the time
. f
! cruising.
| 2. Within these two main categories (in-port and underway e :
|
‘ would like you to breakdown the in-pert conditlon between
1
[ cold iron and auxiliary steaming. That 1is, at percent cof
' the in-port time was spent at cold iron and what percent
, was spent under auxiliary steaming conditicns.
; 3. If possible, and again over ti ourse of one year; w
would like to breakdown the underway or cruilsing condition
as a function of speed. We are interested Iin knowing what
percent of total crulising time can as riated with speeds
between 0 and 10 knots, 10 knots and 2C knots, and 20 knots
and 20 knots. Lf you Lve m the conveni t s 1
oreakdown, 1t will alsc be cremely helpful.
4. Another description of the underway onditions as a function
of time is defined t i ines nditions. We would
like to ascertain t} amount of underway e for:
a. Condlition 1. neral jarvers g
b. Condition 1II. (War-Time Steaming) S e
¢. Condition IV. (Peace-Time Cruising) .
i
2
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il

QUESTIONS TO BE ASKED OF ENGINEERING SPACE PERSONNEL
(use survey form)

Questions regarding work or duty stations.

LR}

a. What is your regular work station This refers to

the total space or room?

b. What is your regular work assignment? That is, what

is 1t that you do as a normal work activity?
¢. What is your rating?
d. What is your division?

e. We would like to breakdown your work area and your work
time as much as possible. We would like to know the
approximate amount of time that you spend at different
areas in your work room. You may respond by percent
or by the approximate number of hours. We would also
like to know of any usual locations or sub-areas
within the work room where you may tend to spend more
time. For example: Perhaps an area of your work
station wogld be the lower level. Perhaps you spend

ten percent of your time there and perhaps most of

your time at the lower level 1s spent near the pumps.

(NOTE TO THE INTERVIEWER: Please insist that some

response is given even though 1t may be difficult to

his information. It might be possible for
velop approximations given a week's period
of time, rather than just one day.)

©
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PERSONNEL SURVEY

I. WORK OR DUTY STATIONS:
A. Regular Work Station
B. Regular Work Assignment

C. Breakdown by Area and Work Time

Rating
Division

AREA OF WORK STATION APPROX. TIME(% OR HRS.) USUAL LOCATIONS

Lower Level
Upper Level
Third Level
Other (Specify)

D. Work Station Variation with Condition

READINESS CONDITION WORK AREA TOTAL HOURS i
PER DAY !

i (General Quarters)

III (Wartime Steaming)

achiulonits it atco /3 vias, T S T

IV (Peace Time Cruising)

v (Inport/at Anchor)
A: Cold Iron

- ——————————— —————— ——————————

———————— ———————{—

:
;é
2
¢
:

IJI. WATCH STATIONS: Variation with Condition

READINESS CONDITION WATCH LOCATION TOTAL HOURS
PER DAY

1 (General Quarters)
III (Wartime Steaming)
IV (Peace Time Cruising)

Vv (In Port/At Anchor)

i A. Cold Iron
k; WEREE AR T

PR SRR s e el I R ——————————

-
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APPENDIX B

STANDARD MEASUREMENT LOCATIONS FOR FF 1082
AND DD 963 ENGINEERIHUG SPACES

This Appendix presents a summary and
the standard measurement locaticns and coding

the noise level data. The measurement selecticn and

3 s = TP 2 1 1 S e - {0 s - T N
procedure is described 1in Section 3.S.c2. 'able B.l shows
b 1 T il 7 P T ~ awngd Mok I - o e
FF 1052 locations and Tab i 2.2 show
Figures ]l through B 1liustrat 1 1N i
4+ B 10 D - - E 74
onn the F¢F 1052 elass Figur 3 f Throu L4 A1 Tustrs
£ e AR A RE Y areanosmants on thne T V&2
tne machnlinery arrangemeilt Ol tne LU =
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MEASUREMENT LOCATION DESCRIPTIONS, FF 1f

TABLE B.1

@)
n
no

(a) Engine Room

Meas

Loc. Watch or Work
Code Level Machinery Station

ET1W Third - Control Booth
ET2 i Catwalk -

ET3 s Above Main Red Gear -

EU1W Upper Bisgt Plant 1, 2 Evaporator Watch
EU2wW " - Workbench(Port)
EU3 i Air Cond Comp 1, Port Fwd -

EU4 b Air Cond Comp 2, Port Aft -

EU5 L Dist Plant 1, Outboard, Stbd -

EU6 " Main Cond Air Eject, L Fwd -

EUT L Main Red Gear, Aft -

EUS8 i Main Red Gear, Port -

EU9 L Main Red Gear, Stbd -

EUZX0 Y L.EB. Turbine, Stbd -

EUll ¥ H.P. Turbine, Bort -

EL1W Lower - Tel Hood,Log Desk
EL2W L - L.Q, Purifier Bench
EENS i Main L.0O. Serv Pumps 14,1B -

EL 4 i Main Cond Conds Pumps 1A,1B -

EL 5 = Dist Feed Pumps 1,2, Stbd -

EL 6 i L. 0. Purifier, Sthd -

EL T " Fire Pump 3, Stbd -

EL 8 u Main L.0O. Cooler, Port ~




TABLE B.1 (Cont'd)
MEASUREMENT LOCATION DESCRIPTIOHS, FF 1052

(b) Fire Room

Meas
Loc. Watch or VWork
Code Level Machinery Station

) FM1W Main Forced Draft Blower 1AZ2 Forced Draft Blower
FM2W Main Forced Draft Blower 1B2 %iiced Draft Blower

1B2

BTl Third Boilers 14, 1B -
Fr2 i Catwalk Perim 1A -
FT3 L Catwalk Perim 1B -

_ FU1W Upper Boilers 1A, 1B Upperlevelman

k- FU2W H Control Station, Port Log Desk
FU3W It - Workbench, Port
FU 4 i Main Feed Pumps 1A, 1B -
Bl 5 H Boiler 1B Aft =

] FU 6 i Boiler 1A Fwd - 1
FU 7 n Boiler 1A Stbd = }
FU 8 " 1B Stbe £ |
FU 9 4 1A Port ]
FU 10 1 LB, Pol&
FU 11 " Main Feed Pump 1C, Stbd

.*

FL1W Lower Boilers 1A, 1B Burnerman j
FL2W L - Burner Clean Bench i
FL3W = - Telephone & Log Bench
FLY Lower Main FO Srv Pump 14, 1B -
FL5 i Main Fd Bstr Pumps 1A, 1B - :
FL6 2 Fire Pump 2, Port Aft -
FL7 i Boiler 1B Aft -
FL8 Boiler 1B Stbd -
FL9 y Boiler 1A Fwd - -
FL10 Boiler 1A Stbd Fwd - o
FL11 Boiler 1B Port - v

FL12 "8 =Mask A Compressor -
PR rairie-Masker A Com:

ey

3
El




| TABLE B.l1 (Cont'd)
% MEASUREMENT LOCATION DESCRIPTIONS, FF 1052
(¢) Auxiliary Machinery Room No. 1

Meas

Loc. Watch or Work

Code Level Machinery Station

AULlW Upper - Tel & Log Desk

AU2W & - Workbench, Stbd

AU3 # SSTG 1A-1B -

AU4 L SSTG 1B Aft I

AUS H SSTG 1A Aft -

AU6 i SSTG 1B-1C X

AU7 it SSTG 1C Aft -

AU8 i SSTG 1A Fwd -

AU9 1t SSTG 1B Fwd - %

AU10 i LR Alr Comp, Port Aft - 1

AU11 " HP Air Comp, Port - 3

ALl Lower SSTG Cond 1A, 1B = :
g AL2 " SSTG Cond 1B, 1C -

AL3 " SSTG Cond 1A Stbd - 3

ALY U SSTE Cond 1C Port - 1

ALS " ASROC CIic Pumps 1, 2 - 4

AL6 2 Fin Stab 1, Stbd - k

AL7 " Fin Stab 2, Port - :

ALS8 i Fire Pump 1 - y

3

(d) Auxiliary Machinery Room No. 2

X1W - SS Diesel Generator Space SSDG Watch

X2W - Switchboard space SWBD Log Desk

X3 - LP-HP Alr Compressor Space -

x4 - JP5 Pump, Firepump Space -

X5 5 400 Cycle MG Space - 3
X6 - Catwalk, SSDG -

1 (e) Aft Steering Room :

| S1W - - Watch Station

S - Space Average -




TABLE B.?2

MEASUREMENT LUCATION DESCRIPTIONS, DD 963

(a) Engine Room
Meas
Loc. Watch or Work
Code Level Machlnery Station
E11l Third 358 Alr Comp, Boller -
E12W Upper Turbine Module-Generator Control Console
E13W Upper Generator No. 1 Local Contrel Panl
E1l4 Lower Fire Pump 2, FO Pumps 2A,2B -
E15 Lower LO Purifiler, LO Pumps 2A,2B
Main Reduction Gear -
E16 Third Above Main Reduction Gear -
Below Vent Exhaust
Erl Space
Avg. Engine Room No. 1 -
{b) Engine Room No. 2
E21 Third S8 Alr Comp, Boiler -
E22W Upper Turbine Module-Generator Control Console
E23W Upper Generator No. 2 Local Control Pand
E24 Lower Generator No. 2 Workbench
E25 Lower LO Purifier LO Pumps 1lA,1B
Maln Reductlon Gear - .
E26 Upper Main Reduction Gear - :
ER2 Space ’
Avg. Engine Room No. 1 -
(c) Auxiliary Machinery Room No. 1
Al Upper HP Air Compressor Workbench
A? Lower FO Trans Pump, FO Purifier - E
A Lower Dist. Plant 1 Local Control Panl
Al Upper Air Conditioning Plants 1,2 - 3
AR1 Space
Avg. Aux. Machinery Room No. 1 -
(d) No ? Generator Room k
GR3 Space
Avg. Average of Nos. 1 and 2
Generators' Nolse -
(e) Engineering Central Control Room !
ECC ace Central Control Room 4
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Figure B-1 - ENGINE ROOM - THIRD LEVEL, MACHINERY ARRANGEMENT
ANL MEASUREMFNT 1 OCATIONS, FF 1052
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Figure B-4 - FIRE ROOM - THIRD LEVEL, MACHINERY ARRANGEMENT
4 AND MEASUREMENT LOCATIONS, FF 1052
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Figure B-12 - MAIN ENGINE ROOM NO. 2 - THIRD LEVEL MACHINERY ARRANGEMENT
AND MEASUREMENT LOCATIONS, DD 963
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Figure B-13 - MAIN ENGINE ROOM NO. 2 - UPPER LEVEL, MACHINERY
ARRANGEMENT AND MEASUREMENT LOCATIONS, DD 963
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APPENDIX C

ACOUSTIC DATA BASE REFERENCE LIST

: This appendix presents a list of all the Navy reports used to
form the data base in this study. The list is organized
separately for each organization conducting the work, and a
ship's hull number key is identified for each applicable
report. he objective of the key 1s to provide a quick %
jdentification of the data source in Appendix D.

o
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i TABLE C-1

NAVY AIRBORNE NOISE EXP SOURCE
BOLT BERANEK AND NEWMAN INC.
!
: Key
‘
BBN-1 Bolt Beranek and lNewman Inc. Report 3222,
(-,)fx 1070 i i _ =
k (1082,1070) "Hearing Conservation Program Prototype Phase
Dsmal Renor= 1 T Taeht D a3 any M Sutterlin
B2l let b ..V:J\.,I"J, oo vi=H 08 Y o HWE Lo UL, is Duwe LTl il
June 1976, 159 pa .
BBN-2 Bolt Beranek and =wman (BBN) Technical :
(1082)
\ M a o s e 2 Y = AT~ 2 o sy Ty s s et y
4 Memorandum 257, "Noise and Vibration Measure-
q Qq . + e DE A8o
ments on USS Elmer Montgomery, DE 10d2," by
D. L. Nelson, August 1975.
BBN-3 Bolt Beranek and Newman (BBN) Technical
(DD965) = , Sy
Memorandum No. W340, "Appendix A To Report
of Airborne Noise Trial Aboard USS Kink
nE A CE > ort: D U7 Contract Desien. ™
(DLG Y05 CO supporc b Sf Contract besSign,
Jdo J. Lehr, A. FP. Astli, D. L. Nelson,
M. W. Sutterlin
R - » -~ 3 MNa s ~¥ £ R\ m [ SRS |
BBN-4 Bolt Beranek and Newman (BBN) Technical
M AV Nl LR ~ oY o reiF I - ~
Memcrandum W282, JSS South Caroline (DL 37)
Engine Room Noise" by W. R. Riblett and
Jd. d. Lehr, © August 1975.
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NAVY AIRBORNE NOISE EXPOSURE DATA
ENVIRONMENTAL PREVENTIVE MEI

Key

R

EPMU5-1,14

EPMU2-1
(1094)

EPMU2-2
(1091)

EPMU2-3
(1085)

EPMU2-4
(1084)

EPMU2-5
(1081)

EPMU2-6
(1056)

EPMU2-7
(1078)

EPMU2-8
(1059)

EPMU2-9
(1072)

Shipboard Sound Level Survey,
Ship, EPMU-5 Ship Inspections
Shipboard Sound Level Survey,
(FF 1094), 11 June 1974.
Shipboard Sound Level Survey,
(FF 1091), 14 October 1976

Shipboard Sound Level Survey, USS
Beary (FF 1085), 15 January 1976.

Shipboard Sound Level Survey, USS McCandless
(FE 1084), k2 July L1974,

Shipboard Sound Level Survey, USS
(FF 1081), 5 December 1975.
Shipboard Sound Level Survey,

(FF 1056), 14 July 1975.
Shipboard Sound Level Survey,

(FF 1078), 21 January 1976.

Shipboard Sound Level Survey,
(FF 1059), 12 November 1974.

Shipboard Sound Level Survey,
FF 1072), 20 September 1976.
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TABLE C-3
NAVY AIRBORNE NOISE EXPOSURE DATA SOURCE
NAVAL SHIPS SYSTEMS COMMAND

Key Re ference

NAVSHIPS-1 Puget Sound Naval Shipyard Report T-100%8,
(1063) o

"Acoustical Charact
(DE-1063)," September 1972.

NAVSHIPS-2 Puget Sound HNaval Shipyard
(1066, 1067, e

Structureborne and Airborne Noi r-

1069,1071, G -

1073,1076, isties of US Destroyer Escorts DE 1052

1086,1087, ~

, Class 'Y Qctober 1973.
1088) ? i}
NAVSHIPS-3 Puget Sound Naval Shipyard Report T-10084,
1070 ’ : . . fzac)

(1070) "Acoustical Characteristics of USS Downes
(DE-1070);" April 1972.

NAVSHIPS-4 "Test Report DD 963 Class Destroyer"

DD 963) S DL R T e

( 963) Procedure No. 902L002, 1 July 1975, Ingall
Shipbuilding

NAVSHIPS-5 Ship Information Bock, DD 963, NA
0905-496-201

NAVSHIPS-6 Propulsion Systems Opverating Guides, 3
Class Ship, NAVSHIPS 0905-496-3010.

NAVSHIPS-T7 Ship Information Book, DE 1052.

NAVSHIPS-8 Steady State Airborne Noise Criteria For
Shipboard Spaces, NAT IPS 0907-004-4010, by
L. A:. Herstein, 1 April 370.

NAVSHIPS-9 Operating Guide, DE 1052-1054, 1062, 1066,
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TABLE C-5

NAVY AIRBORNE NOISE EXPOSURE DATA SOURCE
NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER

Key Reference
NSRDC-1 Naval Ship Researcn and Develorment Center Report
0 . : o I .
(1085) C-4104, "Past Construction Acoustic Evaluation of
USS Donald B. Beary (DE-1085)(U), by R. W.
Tomkins, D. Silawsky, J. T. Allender, and E. E.
Pettersen, April 1973, Confidential.
NSRDC-2 Naval Ship Research and Deve I;prsnt Center Tech-
1056 . L 5
(1056) nical Report Number TR-55, coustic Characteristics
of USS Connole (DE- 10)6)( )," R. E. Myers, B. D.
Haynes, July 1972, Confidential.
NSRDC-3 Naval Ship Research and Development Center
LOTS : . : e
(1075) Technical Report No. TR 63 "Acoustic Characteristics

of USS Trippe (DE 1075)," R. V. Butler, 15 November ;
1971, Confidential. 4

NSRDC~4 David W. Taylor Naval Ship Research and Dev pment
091 " o . . {
(1091) Center Report 76-0068, "Post Construction Acoustical ;

Evaluation of USS Miller (FF 1091)(U)," R. E. White,

R L. Wolfe, d. T. Allender, J. R« Otisy; H. W. Murray. i

May 1976, Confidential. :
NSRDC=~5 David W. Taylor Naval Ship Research and Development ]
(1095) Center Report C-4685, "Post Construction Acoustical

Evaluation of USS Truet (DE 1095)(U)," J. R. Otis, 2]

J. T. Meekins, J. 0. Valentine, R. L. Wolfe, y

September 1975, Confidential. ;J

. ¢

NSRDC-6
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TABLE C-5 (Cont'd) 1

Key

NSRDC-T NSRDC Technical Paper ion Peduction cf
PI" ine F 1nled vs ~e N 5 -
Marine Fropuislon ear boxes, « 4N & S B
Roscoe III, David Taylor I Ship R&D Center,
Annapolis, Md. 21402, 20 pages.
1 " G Ni=k=laTa iy Al falla] oo O L B e — v - o = =
NoRDC=0 NonRbu ,/:l,"‘, U aliiornlia, . . LNOT Sy 1 AgeS .

Forward

SEC 6145

3

4

""""?13‘ —— = — e '—-




Report No.

3410 Bolt Beranek and Newman Inc.

TABLE C-6

NAVY AIRBORNE NOISE EXPOSURE DATA SOURCE
NAVAL UNDERSEA CENTER

Key

Reference

NUC-1
(1069)

NUC-2
(1069)

NUC-3

NUC-4

NUC=-5

NUC-6

NUC-7

Naval Undersea Center (NUC) Memorandum Ser 401-51,
"Fireroom Environmental Noise Survey USS Bagley,

DE 1069, by Edward R. Rubin, Oect. 29, 1973.

Naval Undersea Center (NUC)- Engine Room Environmental
Noise Survey Data, USS Bagley (DE 1069), 11 pages.

17C )

Naval Undersea Center (NUC) Memorandum Ser 401-52,
"Fireroom Environmental Noise Survey USS Ramsey,
DEG-2," by George L. McLennan, Oct. 29, 1373.
Naval Undersea Center (NUC) Engin

Noise Survey Data, USS Ramsey (

3 pages.

Naval Undersea Center (NUC) Memorandum Ser 401-53,

[

"Fireroom Environmental NNo
DDG~13," Edward R. Rubin, O

Naval Undersea Technical Note, NUC TN 1464, "Pre-

on Recognition of Shipboard Machinery Sounds,

David R. Lambert, January 1975, 20 pages.
3 3 ), &
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APPENDIX D
SHIPBOARD COMPARTMENT A-WEIGHTED SOUND LEVEL DATA

This appendix presents all the A-weighted shipboard noise data

which have been used in this study. The data have been collected

from the various Navy sources and segregated by ships operational

sub-modes and measurement location. The statistical mean and
en

standard deviation have bheen lculated for each measurement

location under each operationa

Each measurement location is identified in accordan

in Appendix B. The full description

o}
sources used 1is provided in Appendix C.

The data presented for the following conditions:

Class Compartment Sub-Mode
FF 1052 Engine Room, Fire Room, B, 15, 20 and
Aux 1, Aft Steering 27 knots
FF 1052 Aux Machinery Room @2 DG on, DG off,
Air Start
FF 1052 Engine Room, Fire Room Cold Iron
Aux Steaming
DD 963 Engine Room 1, Engine 16. 20. 25 and
L - 3 O o 9 ana
Room 2, Aux 1 57 knots

Aux 2

Finally, data values which were greater than two standard devia-

o

from the sample and

from the mean were identified, removed
e
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These measurements could be different from the average for

following causes:

JEg

The measurement was made incorrectly
diserepaney .

The machinery line-up was n
sub-mode, for example prair

venting into the fire rcom

w0

cau

(&=0r

A partiecular machinery item 1s noisy,

a cavitating fire pump and a steam lec

-
C
-

for that operating
in operation and

1052 elass shirp
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Report No. 3410 Bolt Beranek and Newman Inc.

APPENDIX E

NOISE SOURCE DIAGNOSIS DATA
FF 1052 AND DD 963 CLASSES

This appendix contains the available noise source diagnosis
data, arranged in a form which 1is suitable for evaluating

noise control measures. As discussed 1n the body of the report,
most of the noise level data i1s not sulted for diagnosis
because of the large number of sources involved. Some spectral
analysis, one-third octave band and narrow band, is useful in’
pinpointing problem areas, such as a particular gear mesh.
However, the most tractable and useful method 1is nolse source
isolation. That 1s, each equipment item is operated by itself
and the resulting noise levels measured at the standard
locations. Wlth this information, the nolse level for any
machinery line-up may be calculated. Finally, the effect of
controlling the noise from any one piece of equipment may be

evaluated.

The only programs which have produced this type of information
have been conducted by Bolt Beranek and Newman Inc. under the

auspices of the Naval Ship Engineering Center, BBN-1 (1082,
1070), BBN-2 (1082) and BBN-3 (DD 965).

The followlng tables show the results of these studles, arranged
in matrix form, expressed in dBA. Separate tables are presented

for the FF-1052 engine room, the FF-1052 fire room, the FF-1052

auxiliary machinery room, and the DD 963 engine rooms.
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