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EXECUTIVE SUMMARY

~~ his study investigates the shipboard personnel noise exposure

problem by analyzing the available noise level data on two surface

ship classes currently operational in the fleet . These are the

FF 1052 (KNOX) class and the DD 963 (SPRIJANCE) class. The final

object ive of the study is a first order estimate of the costs
of engineering noise controls necessary to comply with current!

proposed personnel noise exposure standards. The standard s

evaluated are the Navy Compartment Category D, BUMED Instruction

6260.63, the present OSHA noise standard and the proposed OSHA
noise standard . Although the present evaluation is restricted

to engineering spaces (i.e., engine rooms , fire rooms , auxiliary

rooms , etc.), the model for personnel noise exposure evaluation

and noise control assessment developed In this study is meant

to be genera l and Is applicable to other spaces aboard these

ships and to other classes in the fleet.~~

I The operational and acoustic data col1ected~ represents a summary

of all currentl y ava i labl e information within the Navy on the
subject problem. In this sense , the report contains a catalog

of existing noise level and noise source diagnostic data avail-

able from various Navy department s for the above two ship classes.

Analysis of the data shows that noise level information required

for the computation of personnel noise exposure is adequate for

one class (FF 1052) and only marginal for the other (DD 963).

The available personnel work assignment data , necessary for the

computation of noise exposure , was found to be insufficient for

the purpose of this study and did not reflect the actual duty

assignment s 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 r roblem , was

found to be limited In extent and quantity. The existing irifor-.

matlon however , was found to be appropriate for  this type of
analysis.

Due to the emphasis 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

personnel noise exposure; although the  steps necessary to corn—

plete the source analysis, noise control evaluation and the cost

of noise control analysis are provided in full.

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

most crew members in engineering spaces are exposed to excessive

noise. This is true regardless of the standard used for the

evaluation . Moreover , exceaa e.rpo 8ure to noise is shown to

vary from compliance up to 1000% over the OSHA/BUMED limit;

overexposure being worst at the higher speeds. Individual noise

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 established for the data base shows

the benefits of standardized noise measurement techniques that

may be used by various Navy units. The recommendations regarding

computarizatlon of the data base , the noise 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 .

iv
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I. IN TR O D U CTI ON

Hi gh noise  e x p o s u r e  in the  work p lace  has been f u l l y  r e c o gn i z e d
as a p o t e n t i al occupation s .1  h er r ing loss hazard  in the last  few
years . The federa l  g o v e r n m e n t , t h r o u gh  t h e  O c c u p a t i on a l  S a f e ty
and Health Act (OSHA) of 1970 has established maxirun nermiss~ h 1e

noise  lin~ t s  to wh ich in du st r ial pe r sonne l  may he exp~ ~ed.

Presently, the Department of D ahor , Wh ich adrc ir.istrates and en—

fo rces OS N A , is in the process  of r e v i e w i n g  the noise reFulation
and va r iou s  crorosals to  f u r t h e r  r e s t r i c t  pe r sonne l  noise
exposure  are t - e in r -  cons ide red .

Simila r l y ,  the  U.  S. N avy  h as been , for  many years , conce rned

w ith t he no~ se en-iirorwr ent to w h i c h  i t s  personne l  are exposed in
shipboa rd s it u at i or . s .  To t h a t  e f f e c t , sp ace cat ego ry 3 , which

set s  des ign standards r r oi  BU FED I n s t r u c t i o n  62 6 0 . 6B w h i c h  speci-
f ies  n o r  so l eve ls  n i m i  1cr t o the present  CSHA r egu la t ion , h ave
been adopted for  s i t u a t i o n s  n’.here hear ina  p r o t e c t i o n  is the
pr im e  cc-nc 1 - b r at -Ion .

The purc ose of ‘h~ s nrogram is to investigate the occupational

n ie l so  ex p os u r~- problem m d  the noire control cM ternatives or.

b oar d  t w o  Mar- : shin classes. The ‘~inal otr~ective is to develor-

f h’s t  order e s t i m a t e  of the  r o t e n ti c i  cos ts  assoc~~ated  w i t h

c omp l i an c e  w i t h  the  s t a n d a r d( s )  t h r o uch  i mp l em e n t at i o n  of

enc ineer lr o -  n~~ise  c o n t r o l s .  The s t a n d a r d s  invest ~~r a t e d  are :

a)  the U . S . Mn y ~ c a t e r-c ry  3; h )  the  p r e s e n t  flSH~~/ D r r - F D  s t a n d a r d

and ; o )  the  p ac-posed  -DSibA no i se  s t a n d a r d .

Th~ est  ~nct  ion of c o s t s  a s so cia t e d  ~-M th  t h e  c o n t r o l  of t he  s h i p —
board no i se  e n v i r o n m e n t s  r e q u i re s  a numb er  of St  s geared to  t h e

-- 1—
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understanding of th e  n agr -a~tudc of the prct: 1.rm , 4 he evaluation

of t he no ise re duc ti on recu i remen ts fo r  m a c h i n e r y  to  meet  a
specific standard , the assessment of the app licub le noise control

- 
. technology and finally, t he e s t i m at ~~on of’ the cos ts  a s so c i a t e d

with the production and 1mp1ementat~ on of’ the controls . Each one

of these steps requ i res  care fu l  cons~ ci f :r a t1 on  and e v a l u a t i o n  if the

f ina l  p roduc t  is to  have an accq  t ab l e  degr ee  of accuracy .

The problem of mon~ t cr In g  n o I s e  levels  and noise  ex posure on—
board ships  and d e t e c t i ng, excessIv e n o i s e  level  s i t u a t i o n s  has
been the  r e s p o n s i b i l i t y  of the Na vy ’ s Bureau of M e d i c I n e  and

- - Surgery (BUMED). The Bureau , th rough  the  E n v i r o n m e n t a l  Prev n t a —
tive Medic ine  U n i t s  ( E P M U ) ,  c o n d u c t s  p e r i o d i c  inspections on—board

ships and provides a first estimate of the noise exposure problem.

The task of on—board retrofIt noise control treatments for existing

vessels or noise control Inputs into r ow  shIp designs has been the

subject of numerous studies sponsored by the Navy . These data ,

together with the EUMED informatIon , constItute the data base

on which the evaluation undertaken under this program is based.

The data acquisition portIon of this study is lImIted to two

ship classes. These are the FE 1052 (KNOX) class and the 3D 963
(SPRUANCE) class. Furthermore , the evaluat~ on of ’ pers onnel  no ise
exposure and subsequent tasks are l~ rn teci to the englneering

spaces in each class , that is; the engine rooms ,f~~re r ooms ,
auxiliary spaces , and after stec-a~ n g ro oms , depen ding on the ship

class considered.

The study was limIted to the above two classes because:

a )  t h e y  w 151  r e p r e s e nt  a s cb s t a n ~~ia1 pr~cpo~~-M c~ of the modern

destroyer cMass vessels in toe fleet in a fe’.’ years when.

all  G P R U A ~ c l a s s  sh ps ar e  c pe r a t i o n a i  ; ~
) on f i r s t

-
~~~~ 

. — - — .- — - ___ --- -.w-~ 
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inspection , considerable airborne noise data was believed

available within the Navy on their operations. Implicit in the

program objecti;es Is a critical evaluatIon of the existing

data base. Although the collection of the data base would be

limited to the above two classes , rrocedures used for the data

acquisition and interpretation phase are intended to be general
— and appl -~cable to other ship classes in the fleet.

Due to the diff icult ies encountered in the data base accuisition

portion of this nr o~-ram , the final results of the study reflect

only a rartial fulf~ llmeot of the overall objectives . In that

sense , the evaluation of the data base is taken only throu~h the

definition of the personne l noise exposure problem. However ,

the step—wise procedure necessary to assess the crob le m , the

equipment noise reduction requirements , the noise control tech—
-: niques and implementation costs as well as the description of the

data base requirements 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 exr-osure protlom . Th i s  entails hr-tb the sun—

nary of the oomrar~r:ent noise levels coder various shir . one rat log

conditions and the rersor r.el assignmcr.t descri~ t r c.r~ for these

same conditions.

Chapter EDor presents t he  results of the nersonnel noise exposure

evaluat ion for the two shir classes bein c- investI~ mt-ed.

~~

-

-

.1.

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  ~~~~
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Chapter Five contains the conclusions of this project. The

conclusions present the macor findings of thIs study . Finally,

Chapter Six presents the recommendations for improve d data base

acquisition procedures and recommendatIons for future investiga-

tion .

The repcrt contains five appendices in which most of the support

noise level and personne l assignment data are contained. Appendix A

contains the Personnel Work AssIgnment Questionnaire . Appendix B

contains a summary and a pictorial description of the standard

acoustic measurement locations used in engineering compartments.

Appendix C is a list of reference reports containing airborne

acoustic data in shipboard ~ngineering compartments. This list

represents the raw operational and noise leve l data base, avail-

able within the Navy , and used in this study. Appendix D presents

a summary of the shiptoard compartment “A—weighted” sound leve l data.

The summary is pr~ sented as a function of standard locations and

ship operating modes. Finally , Appendix B contains a summary of

the machinery noise source diagnostic data. Here the contribution

of individual noise sources to d i f f e r e n t  loca t ions  in the  engineer—
ing spaces are ouantified based on existin~r Navy Information. 

~1~.
__ ~~~~~~~~~~~~ - -—~~~- .
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II. OCCU PATIONAL NOISE EX POSURE AND ITS CO NTROL
AN ASSESSMENT MODEL

T hI s  c h a n t e r  ~-r e s e nt s  a discussion of the data base requirem ents

and the  s e c u e n t i m i  s t ee r  n e c e s s a r y  to  ev a l u a t e  and  c u a n t i f y  t h e

noise ext .  osure problem u-n , board s u r fa c e  v e s s e l s.  The a s s e s s m e n t

m o l d  a l so  exn lo r -e s  the  a c o u s t i c  r j ata  base  an d  s te r  s n e c e s s a r y

to e va lua t e  the noise  r e d u c t i o n  r e q u i r e m e n t s  fcr equipment in

order to  m ee t  a sn e c i f i c  c r i t e r ion  go a l .  F i n a l l y ,  t he  mode l

describes a suggested r oocedure that may be used to  e v a l u a t e
the state—of—the—art in raise control technology on board shins

and the cos ts  c:~- o c i a t e d  wi th the imnlenentation of this

t e c h n o l o gy .

The i n t en t  is to  dev e lop  a model , general  enough  to e v a l u a t e  the
noise exposure  p rob lem of the two s h i p  c lasses  con si der - ed  as w e l l
as other s h in  c lasses  w i t h i n  the  U . f .  N : -vv , and to n r c v i d e  a
seque n t i a l  procedure  for  the  a s se s s m e n t  of t he no i se con t ro l
a l t e r n a t i v e s  and cos t s .  The p a r a m e t r i c  o r c -m n i z a t i o n  of the  d at a

base  a l lows for  a ‘w ick  e v a l u a t i o n  of r e r - s o n n e l  n o i s e  e xp o s ur e
p rob l e m i n t,he fa ce  of orese nt  as wel l  as an:.’ f u t u r e  st anda rd .
The da ta  base a l so  has  t he  f l e x ib i  l i ty  to  b e- e a r l  ly  e x p a n d e d  b .c

the  a d d i t i o n  of  more information as it becomes cvc. ’ labie .
~~~~ t b ;-

N c - i , ,  t h u s  p r o v i  d my  fo r  a mere a c cu r a t e  c :oesr ’ ;en~

2.1 E x i s t - i _n g Q ~~~ p~ t i o n a 1  N o i s e  ~~~~~ -~t i o n s

Be fore ~--e enter into t he  d i s c u s s i o n  of t h e  m o i r e  assessment

mode l i t  i s  n e c e s s a r y  f~ rst  to  rev :ew br iefly the n -;Mse rerula—

ens in Ou -es t IOn . 5’our s t andards  are discusse d ; the N a v y ’ s
space :ategory D, N T .]MHD I n s t r u ct io n  2~ C .  EU , tne

-5. - --- -— - - - --—- - - ----- —-
~~
P.---

-.

~
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Department of Labor ’s noise exposure standard and the proposed

DOL noise standard .

2 . 1 . 1  Nav y Sh ipboa rd  Spaces  N o i s e  C r i t e r i a

The Navy ’s shipboard noise criteria is described by compartment

noise specifications. This standard , rev ised on Fe bruar y 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 :

Category D — High noise leve l areas where voice
communicat ion is not important , where
ear pro tec t ion  is not provided , and
prevention of hearing loss is the

primary consideration .

The objective of this standard i~ to guide ship designers in5 the
the development of specifications for shipboard spaces designed as
Category D. In that sense , Category D does not address the problem
of personnel noise exposure but Is intended to limit the noise
levels In designated comc artments. Oomc-Uanice with Category D is
generally ascertained by two r:~e c o u r e nen t r  In each c ompartment
while the vessel is at maximum speed. The standard is written in
both a dBA scale and octave band of’ frequer .cy as follows :

_ _ _ _ _  _ _ _  ________  
t

I Octave san-is of Fre c oen o y

N oise  -

Category dEC. 32 
_____- 

l2~ 250 500 10CC 2000 ~0O0 8000

D 90 105 10- 0 95 90 90 E5 85 85 85

- - _ _ _  --~~~j~~~ - - - - -
~~~~~~~~~

-
~~~~~~~

--
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The octave bands of f r e cu en c y ,  whe n added , do not  sum to  90
decibels  but  to 9 3 . 2  dBA . The in ten t  of the  st andard  is not
to exceed any s ingle  octave band in the spectrum. The Navy ’s

regulation does not specify allowab le tIme of exposure or how

exposure is to be computed when noise levels are in excess of

90 dBA . Reference [11* contaIns a description of the crIteria

derivation for- this category as well as the other categories for

shipboard sracr~s.

2.1.2 Occupatio nal Safety and Health Act -- No ise Standard --
and BUMED INS TRUC It O N 6262.6B

This s e cr i o n de scr ~ hes  the  ~res’-n . DyHA noise ston dar-d and EUNED

Instruction 6260.6B [2]. Due to  t he  simIlarities of these

standards , especially in their application , they are discussed

together.

The original noise standard promulgated by the Federal Government

was the -.alsh Healey Public Contracts Act under Section 50~ 2011 .l0.

The walsh Healey regulation applied to a very specific type of

industrial operation engaged ir. inter—state commerce and doing

over $10 ,000.00 of business with government agencies. The noise

standard contained under section 1910.95 of the WIllIams-Cteigcr

Occupational safety and Health Act of 1970 (OSHA) sets essent~ a11y

the same noise exposure Umits proposed by the Ualsh Healey

regulation , howeve r, their applicability is exter .ded to all

i n d u s t r i a l  o p e r a t i o n s .

* Nu m bers in [ ] indicate references listed at th~ 
. r d  c-f th . s

report .

_ _ _ _ _  L~
_:~~:~~~~

_
~~~ _ _ _
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The A c t  cal ls  for  m a x I m u m  pe rmis sib l e  noise exposure  l im i t s
as shown in Table 2 .1.  The r e g u l a t i o n  also s p e c I f I e s  t h a t  if
these levels  are exceeded , co r rec t ive  a c t i o n  must  be t a k e n .
The standard Is unique in that It 1. IrIts noise exposure thrcuFh

a num ber of -- -ariables w h I c h  should  be u n d e r s t o o d  F I r s t  of al l ,
s ince t h i s  is a standard written for an i n d u s t r i a l  e nv I r o n m e n t , U
it specifies a maximum exposure of eight hours durin~ a workIng

day . No allowance IS made f-o r e xn - o s u r e s  in, e x c es s  of that time

l i m i t .

TABLE 2.:

lEP:-~IC3IELE ::O ISE E X P D ~~U EEN

D u r a t I o n .  n e r  So un d  lere .
d a y ,  ho u rs

C

14 95
3

1—1/2 102
I 1 5
1/2 100

e n  less l it

S e c o n d l y ,  the  st a r . d - i d  r e cu g n i : e r  ~i ;ferom ~ 
5 : , -r e s  of nois’-

en v I r o n m e n t s  an]  s c e c i f ..- s  t h e  c o l o n  of n n i . s e  exPosure

b ased on t h r ee  t : v e s  of n o i s e  c h - u - a c a ~ n~ st ~~~r :

( 1)  N t e ad ; . ’ st a e  no i s e
(2 )  TIme var:, ~

- m o O s e

(3) Trpa c~ no i re

By oteady stat€ ~ noise ‘w e  r e g u l a t i o n .  ‘l e f i . oes  the  s l r na l  as
follows:

I
1

~~~~~~~~~~~~ 

- -

~~~~~~~~~~~~~~~~~ 

-
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“ I f  the v ar i a t i o n  in th~ n o i s e  l e ve ls  i n v o l v e

maxima at i n t e r v a l s  o f  one s e c o n d  or l e s s , i~
to be c o n sid e r e d  c on t in u o ~~r .

He re the only requi rement , accord ing  t o  Table 2 .1 , is the measure-

ment of’ the  sound level w i t h  a “ A — ,-: e igh t e d ” m e t e r  set  on t h e -  s l ow

response  and the d e t e rm in a t i o n  of the apmr c .- r r i a te  no i se  l eve l s  to
be compared w i t h  exposure l .Onits .

Where the operator is exposed to different levels of noise for

d i f f e r e n t , d e f i n a b l e  p e r i o d s  of t ime  o v e r  t he  c ou r s e  of an

eight  hour  work day , the  Act  p r o v i d e s  a means  w h e r e b y  an

equiva len t  c o n tin u o u s  no i se  exncsure rating can be d e t e r min e d .

This  is the case of the time vary ing nlre sional. The t i m e

spent at each noise  level is no ted  and the  f r a c t i o n  of the  per-

missible time of exposure at that level (accordino to Table 2.1)

is determined. The fractions obtained for each noise level are

then summed. If the to ta l  is less than  or equal  to- u n i t y ,  the

noise exposure is considered acceptable. Sf t he  t o t e l is rreater

than unity, the noise exposure is deemed unaccep table ir ,  t e r m s

of the requi rements  of the act. The summation calculated accord-

ing to t h i s  rule is called the d a i l y n o ir e  J o s e , (d, ’ -and is given by:

o ‘-‘ -,
- 1  - 2 ~~ 1D a i ly  N oise  Dose ( d )  = ~~~— + + ~~ — + . . +

~~1 ~~2 ~~3

where : C~, is the actual exposure time at a g i v e r ,  noise level ,

T~ is the  t o t a l  exposu re  t ime re m i t t e d  at t h a t  civen level , and

Is the fractional noise dose for the Uth time in t e r v a l .

The BUNED Instruction 6260.EB calls for the cc-or utation of noise

exposure  fo r  s t ea dy  s t a t e  and tIne varying noise in ~he id ent i cal
manner  to the are-sent 02-NC. s t a nda r d . T h e - n c - f o r e , f o t u r ’ e references - • -

to these  s t a n d a r d s  w i l l  he ma d e  un d er -  the  d e o e n i p - t -r of m e - sen t
L f r~ 0 2 H A / E U ~- :ED.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - _ _ ___ _ _ _ _ ~_ , 
— - -——- -- - - —
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F i n a l l y ,  the  last t y p e  of n o i se  cal led in~ act noise Is specifIed

In the  OSHA s tandard  (r i o t  P 02-lED ) as a m a x i m u m  exposure  to  I m nu l s iv e
or impact noise not to exceed 1~~0 dE peak sound p re s su re  l eve l .  The

apparent 1— 1~~ -~ r al1ovah~~~ ex r o s ” r e  level for  io.oact n o i s e  r e su l t s

from the  f a ct  t r ~ao t h e  snor t  b urs t  a~ sao:se , s u cn  as hamr. er blows ,

occur faster than the ear can fully react. Intervals between

impact  mus t  n-c t be less  t han  one s e c o n d .  O ther ~-:ise , it wou ’~d

become steady state noise and  t h e  levels  ap p l l c ab e under Table 2.1

would control. TnI s ty r e  of n o i s e  can be rrcoerly measured only

with an imno :-t tvre sour,’] Ic-id meter cm usIng an oscilloscope

with Image holding crevlsions .

2.1.3 Proposed Occu pa tional Safety and Health Act Noise Stan dard

The major  r ev i s ion  to the present OSHA noise standard , proposed
by the  U.  S. Depar tmen t  of L a b o r [3 ] ,  is the extension of the per—

missible exposure time from 8 hours to 16 hours in a workday

Under the new standard the 90 dE C. exposure limit for eight hours

Is retained , but exposure s to n-cisc leve l-s down t o  35 dEC. m u s t
also be included i.n the da i ly  noise - dose calculation . Another

important change in the regulati -n is that a nn u a l  m on ~~t cr I ng  of

exposure w -’uld he recui red fo r  em b ye-es exposed to noise levels

of 85 dBA and above arid for em:: loiFces with a dIll: noise dose

gr ea t e r  than  or ecuol to 0.5.

Table 2.2 shows t h e -  sa x i rn i rn e x p o s u r e  L e v e l s  and -iurot i or 1s  as
extended to P5 dEC. far 16 hours of ext cru re and un d e r  t he  5 dBA

do u b l i n g  ra ’ e. E x c e m ’ for ’  t h e  e x t e n s i o n  of n o I s e  e xp o s u r e
l e v e l s  t o  85 dEA an]  to  s i x t e e n  h ours  rem d a y ,  t h e  n cr o s e d

n o i se  i ’ e g u l - t  I o n  i s  O d e n t i c a l  to t he  r r e sen t  one ari d the c a l c u —
loti n of in - — ‘: - r ~:i r i g  no . se ex :  e s um e  or dli:-- noise dose is

I d e r :t i c a l  as - i  I scan - se  p r e v i o u s l y .



~
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TA BL E 2.2

1-BD P O SFD 0-flE A “~T~~~TBLE I T ° T OE :XPOOJP E:

T i m e
Sound P e r m i t t e d  Sound F e r ’ r r i t t e d
Level ( H o u r s —  Leve l  ~hours—
(dBA) ::inutes) (dEC.) Nimutes)

85 14—0 111 
86 ~— 5L 102  1—31
87 12—P 103 1—19
88 lI_ C c 10° 1—9
89 9— 11 105 1—0
90 3—0 106 — 5 2
91 6—56 107 
92 6— 2 109- 0—~ 0
93 5—17 109 0—3k
9~4 4—3 6 110’ 0—30
95 4— 0 111 2—26
96 3—29 112 0—23
97 3—2 113 0—20
98 2—50 lit 0— 17
99  2—15 115 2— 15
100 2—0

Where Table 2 . 2  does r:ot reflect actual exrosure- tOmes and levels ,

the permissible exaosure to  c o n t i nu o u s  n o i s e  at a s i r c i e  ic /e l

must not exceed tirie “T” (in hours) as c-am : l ied ‘t~. t h e -  fc~~1e in r

formula . -

16T 
2~~~

-.-;here “N ” is the w:rkpioce sour] level measured In dEC..

—Ii—

_  _ _
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The proposed regulatIon -does contain s!gr:Ificamt changes ~ ri t e r m s

of impact noise. As with the current standaro , the proposed L
upper l i m i t  f -or irc r ac t  n o i s e  is  120 dE r e ak  s ou n d  r - e s s u r e

le vel , howe ver , t h e  p r o m o s e d  stendoad defines act no ise- as
a sound havir - a rise tin-ic of mn - i t more th~ ni 35 n-,i~~~i s e c o n d s  I n
dur a t i o n  or r i o t  n - - r e  than 50-0 m i l l i s e c o n d s  to  the 20 dE ‘]c:-:n
po int . Intervals be ’. - -:eer. impact roast not b-c longer- than .5
seconds acco :’dirw’ to the nroco~ a1. in a d d it ~~cn , tn -i c ~ r cn  s e c

s t a n d a rd  11:2 os ‘h e  n u :oLer  of allowable imr u ses p -i- n- day by  ‘-he

f- ::llcwing:

“Expcs ~~res  no L v o ls e s  
~~~f 

140 c~B cc ~~ll  o- 1 t ox c e e d

100 s~~2~ L~~~~-ses nor da — . For si --j P do creoso -s ’

10 J3 ~ z roa~ scanf ereo3:~ro level o :~~ o

t~~~ -w~’~ 1o� ’ Q: ’ i~~r : h s  os r C . a :  ~1c c m e i ’j . e o s

ar c ~.s: - .ied no no~ L o  i o c r - - c - i , : e d  a f - c c n - -~ i’ 1’ 1 0 .

2 .1 .4 Dis c u s s i o n  of Standards

Ihe t h r e e  s ’wr~, -] a i - - d c  d iscusse d at -
.- - a -  ye ma ny lan --it les ,

h w - ~ :er , they a m :  eIlf:’er- am non:,- i-rev r- 1n-ns- . fe me of the

root relevant dlffe ;- -e- n:-:- s ar~:~ as. fu0~ - :-n : j
1. The Navy space n o i s e  standard n--m ec l fie s a 90 ‘]BA lim It

w i t h o u t  m e n t i o n  of t h e  t o t a l  ler.cth of exaos~~re to that

l eve l .
2 .  P a t h  the presen t O2NA/ E LT 2 i n-] one rrcro:ed 02HA stor sards

i:-~ ose a npecif~c tI:-: limi t t o  the-  90 d~~-. 1e - ,’o- l .  in- 1 t h e
case a? t r~e o re - s o r t l~2NA/NLl2I soendard , t h i s  e x n - o s u r e
101 I t  ~ s appl :oable to ar ei0rht—haur -cay .  ~h i s  ~ n- a lso  t h e

cas e for  t he  r r c p o s o d  iE12~ s ta n d a r d  e x c o E t  t h u ’ t h e

prop ased s t a n d a rd  st ’ w ’t s -  c:~~n t I r a s  e x p o su r e  I a cve l of

~5 ‘] } -l an- i  ‘w- o-re ”ore-  i n  ‘- - r e  r e - n - ’  : - i c t ’’ e .  

~~ TT:I2::ITT ~~~~~~~~~~~~~~ _ _
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( 3 )  The Nay’,- :;pae’- mci n - - i  n - t r - m ’i r- r ’d ‘2005 r o t  r r - . :1 d~ ?Or ~

c~~l e u l u a  - i - i of  n e o n - ’  n r o l  n o i s e  exr - n :ur ’ e- base ’]  i - s r .

t i r e  sn - e n ’ e :-ri n o  1e  -J’ r f e r u n ’ n o i s e  l e - -,’e l s .  I l c n -~

exas - c - ] a r cr e ~ f ~~ s EC. Ia  t h e -  o - l ~; ’  ri t e - r I s r i

( 2 )  t h e  Nay:: space standard ~ri~d t h e  :E L

i 0 2 6 0 . f T P  ia ar t ~o -’ -’~~ ’ a c : - i u s r - i c - n  f o r  i m r n n - t ml:: --

as do the  : r~- s e n ’: - - n o s e d  ~00’ PA slu r Inns.

The : l ; - r , i : ’i-c :’nce u~ t he  -dif :’er- - n - r i - :  a c-ang t h -  :e ‘~~~~~~~:r :~- t s  o f
r:’ ise c r - I t o  ‘ or .  .-:

‘ Ii 2- - e o i ’ l e - n t  l i .  t h e  e s - n - c a n e - i n o O s e  a n - s o s ; —

:: c r i t  d i sco :  a or -

2.2 A Mo del fo r  No i se E x p o s u r e  E v a l u a t i o n

T h i s  sect  on c o n s e n t s  on :yarylcrs -r i  ti - i C cer i -~r a l  ~ - d e i  t h - t  w i l l

be -u s e -h  to  c n : ’ste t n o O s e -  c::’ o s u : - - c r - c - t b : -  N an n - h o a r : s : i ~oes

and w i l l  d ’ n - c ’u s r: ~hn d at a  barse ’’e-c i ’ ”er~- a C s  1 1 O -  s - n a y :  to s ’Il in - e

t he  n - a d ’ :i .

The ne- -s 5- : a r a h~1 as e n - -s Sr n- o h : -  f a r t  t h a t  -: :-nnel noise

ex t- on -urn - i sa: rr: le ;, : 0 2 :: , h 1 0 b  

of’ a n u : - l - ; r ’  of v a r i a b l e s ;  r:- o~ u l  o ’~ 
:-] lo h  arc n o O n - c  c -r lnr:t ”h .

For exor’: Ic , since n o i s e  e x p o n -  :r’ o i s  -
- ~~~~~ - I ch t c d

(a o o o : - - l m r f  t o  0 HI T’ I ) ,  I ’  O s  i- . e - t - s n - n - ’- ’~~ ‘ 0 k rrim’ ‘ t -  t h e  ‘ v-

me- i r e  l eve l  at a - -- ‘ ‘i- - n 1-o c r- u • enr ‘2. al a-a h -a- - - a ’ c;el char. cs ‘—a

a f u n e t ’ or 1 of th e  n - h i  ‘ a ‘a e r - -a I r~o~ c ’h u r u n ’ - :r - t s I  - a .  :~~ ‘h e : —

morn , S I : : - -  r or- s nan - I r o s e  e:’d oo-i:’ - - Os tin’ :a : i e :~~t I s : :  ie~ r-r r- - :t .

it ii ; nece:-:--t :-:; e- t - t O i ni a :- -—sat 0- r o t O r :  L~~ t t r i : e - 1  cr-a;: t- i n - ,~

j o e - a o l ri or - n - I c ’  “ - r i :  i- s~~ i rri: :e’aslo - :- :,eoa ’a’ I - he

-2 ‘ :T r- -ri b h - 5 c m —  ‘ I - n . :

e J ’ ~’ u F ’ :cc- r-~~~u ’ o~~~~ i d 1  ? - : - u : _ e - : r i - r , 1 - 1 1 V ’ - - 
_

-a-2
_
oc-J c- - -

eva i - ~: -~ 
- ‘ r ~i -
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- n -  - : S I 0 o:- ’ -~~
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( 1)  f h i  - neruuia r~al charac teristics

( 2 )  Fe r sonnel  work a s s i rn r : u - n t s
(3) A i rb o rn e  r a i s e  d a t a

The f O l b o ’s; l n~ disr;’ssslorr exolorn s these parameters in terms of

the model  and show:  th e’y in t e r a c t  f or  the  c c r o r u t a t i o - r1 of r a i s e

exposure .

2.2.1 S h i p  Operational Characteristics

Occupational n o i s e  criteria are b~,seJ or. the assum rtson that ex—

posure levels are repetitive , day in and doy  cut  , over  lcr ,g

periods of times ; for example , a number of- year’s. This condition ,

of course , does not hold  t r u e  in th c -  N avy  s in c e  each shin- goes

throu h a number of operational characterin-ti:s from cruIsing

condi t ions  to a t — d o c k  c o n d i t i o n s  in t h e -  c o u r s e  of a y e a r .

E ach one of these  opera :  ional  c o n d i t i o n s  is c h a r a c t e r i:e d  b y
different noise levels , especially in  th e  e n n i r , e e n i n p  spaces since

the number of on—l ine pieces of ec-simm ont r1e c- -do - J  under the differ—

ent conditi~ ns varies.

The o b j e c t i v e  of t h e  sh in  c lass  o p c -r a t b e - n o l  c h a r ac t e r i s ti c

parameter  is the d e f i ni t i o n  of open -- a t  l a n a i  mo-I c- s :-:hi ch con be

cons idere d co r~tant. This w i l l  allo:-r the c- r o r u t ~~’ io r~ of rersor,nei

noi.:e exposures w h i c h  ar- c a J c ru e  to  a n-n-ociu1 c s h n  op - c - r a t i o n a l

mode. For the r-urposes of t h i n -  r n - sr i -an  r e -  :- ill ic fine on — sr or - a —

t b a m a l  n- :-isde as a :hlr con- I t i an  for r - :hic h t h e  r o - o n i n e - r y  l ln —

ups in ,  each enr r eering space and the p e r n - ’ : r nc l  a s s i ’-r m - c n :  s f

the crew cam be ccnis ider o- -i constant. In or her  r o-i r -il s , art  one-rat -real

mode rn - e on s th - o t the  mol e level at a s~ ec:O N o  l o c a t i o n  i s  c lose ly
relate’I to a s ec i fic r-a:t :i ri- ry Un- —up on,] can e con:- I -icr -]

~~~T~~~~IT 
~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ I
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constant at that location . Furthermore , it means n-hat the

personnel working in the engimeer-Ing sr-aces go through typIcal

routines that may be considered nearly constant for that one-n-a -

tional mode.

The manner  in w h i c h  nava l  shIp- s op e r a t e  v ;-r i e s  d e p e n d i ng  on theIr

mission . ifl that sense , each -sessel proceeds thr-ough a number of

assignments in the course of a year fr-on-, at—cock conditions , where

the vessel is stationary and only a limited number of equiras nt is

opera t iona l , to  under r - :ay c o n d i t i o n s  which reculre it to steen.

under a variety of speeds. Each speed on range of speeds m.a:1 be

assoc iate d , in p r i n c i p l e, w i t h  t he  o p e r a t i o n  of a s p e cI f i c  machinery
l i n e — u p , e s p e c i a l l y  in t h e  p r o p u l si o n  s y s t e m  a r e a .  t s h o u l d  be
recognized , however , that w i t h i n  a sh ip ’ s c l a s s , t h e  o p er -at i sr ~al

c h a r a c t e r i s t i c s  and m a c h i n e r y  l i n e — up  may vary to some degree.

Since , as was pointed out , noise levels w i t h i n  the  e n g i n e e r i n g
spaces vary as a function of machinery line—up (ecuiprent one -rat—

in n ,  for  a st r e c i f i c  c o n d i t io n ) , i t  Is neces n - ar ’p -  t o  d e s c r i b e  t h e

ship operational history as a fun-icti-:n of t i m e . N cr e ov e r , i t  is

desirable to associate a specific machine line—u w i t h  each
o p e r a t i on a l  mode . F i n a l l y,  in order  to  d e s c r i b e  a s h i p  class , It

is necessary to evaluate hot: the operational histo n-- : an-I machir-er~
line—up vary with:i n the class. This w i l l  permit an assessment

of the variab ility within the class and , in fact , will allow tc.i

determine if a t y p i c a l  operational h i s t o ry  c-o r he chosen to

describe the class, the n-reced ing discussion leads to the fol-
l o w i n g  d a t a  base  r e q u i r e m e n t s  n e c e s s a r y  t o  d e s c r i b e  t h e  s h i n

class operatio nal characteristics:

( 1)  S h i n  opera t ~~ona 1 h i s O o r ’ i  a b c - r e  ‘h e -  a m a -r e t  of t i r e
sr- -an t  a t — d o c k  a n d  underway I.s s p ed  f l ed  f or  at leas t

a one—rear period.

— 15 —
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(2) A defIr .it~~cn of t b :  m a c h i -  ~y li r .e —ap ( o r .  the

a v e r — i c e ) when: t h e  n - n i p  I n  -op er-at n c  In-. each of the
at - s -  two r c a - s e - s .  t In -  e x t  e n - t e d  thra none -  t h a n

On - iC m a c h l n e n :  I i n c — a r  m a y  exI st r i ’  h f n - .  eacn-. n-ode

( i . e . ,  ccl ’s  I ron - .  on-s o s x l l l c : - s . - s t e a m in g  at—dock).

I b I s  will nec essitate the ‘se-fI n - it ICr. of a number

of s-sL— --odes , w h i c h  m y  be  n - n a r a e t~~r-~ se-I by  a
r s c e - s . i f L c  m a c t I m e r : ’  l I n e — _u . F a r -  ex r e . n l e ,

I’ Is c- - n c e - i rab le -  ‘h:: ° m e - c h I n - c ry l I n e — ~~
;-:ill hav e- a r’n-l ati-sns h ip :-:Iu~. st eed oa: r-:s ~f tn - ,e

I
( 3 )  In ,

~~~~ -

~~~~~~~~~ r-
~~~ 

a~~~~~ : -

~ 

~~ 

1
sh Ip w i t h i n  t h e  s i or ’ s .  The :.~~m h e r  of ‘:-~saels r-e—
qu lr e d  f - o r — h-a c~ ass o’i~ I u a t i  or. .n I l  I ’ :  :n- . d lam ely

on t h e  v r n i a b ’ l I t y ~~~c - sr .  i’r’re sni p o snij  Sc t h e ’
a r - t - ’: i st i c a i i y  ‘sali  I n - a m p l e  m n - v  h e  e x a m i n e d .

The abeve  iota  w i l l  to- u s e -h  t o  deu ’elort a c -r e n t  I at Iwo  s n - n - c r - I :  I o n -.
of a ship class o n e - n o t i o n a l  -cha r - oe :n - r ’ : s t T r n - .  Tb-n - f a l l : r - : in  n - - c —
l a t i o n n - b i j  s : 1 1 1  be e v a l u a t e - s  ar,rs c o n - p  s o~- -s

U )  Th e -  _ u - f i n i t i  -n -n of a n - h i p ’ s “ It ical  t i m e  h i s t o r y  y e a r ’
as~~~ ~~~t :  

~: U o~~~the~~~~r a t
cold ron , lOf of the- t i~ s t e a m i n g  b e t ; : - - e - n ,  10 and

5 kn ot s , e t c . ) .

I
—1 -~ -
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(2) The d e f i nI t i o n  of the “ typ ica l  t ime h i s t on y  year ” var !—
ability within the class. This will allow to assess

the probability of sub—mode occurrence and confidence

l imi ts  a s socIa t ed  w i t h  the assumption s fo r  ty p I c a l
operations. deally , it Is desira ti”- to i n t r o d u c e

statistics into the evaluatI on- . b; c o m r - u t i n r  t h e  mean -i

and the stan-hard d e v I a t I o n  f o r  e a o n  m a de or sub—mode

of o p e r a t i o n  ( i . e .,  the  m e a n  t I m e  sn - e n t  at c o l d  i ron

sub—node is 2O~ wI th a s t a n d a r d  d e v i a t i o n  of 5~~) .

T h i s  ap c roach  w i l l  a l l ow  to j u -dr e  if “ t y p I c a l  ship

class operational history ” Is indeed cuantifiab-le

and defIne the limits associated w i t h  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 engineerinm space considered. It

Is expected that certain variability in this nar-ameter

i-n h be found from ship to shi p. The definition of

the “typical ship class machinery lIne—up will be

obtained similarly to the “ t y p i c a l  tin- -a history year ”

by evaluotinc the statIstics assoc iated ;-ii th the ship ’s

class operation .

In summary, the operational modes and sub -— mn - ie-s ‘- :111 def ine the

ship operating conditions for which the noise le-iels In dIfferent

engine -en --in--: spaces and the operator assignm ents in those spaces

can b e o o - n s i c i e r e d  con st a n t  or are pred Ictable on a t~-:er:ty—four

hour bar Is. ~urth-a rm or-e, the war -lability of t hese  - op e r a t i o n a l
mod e s  f - r e  a s n - e c i f i c  s h i n  an d  a c r o s s  t h e  sh in - c l a s s  :111 a l so
result from this evaluation .

— II’ —

I-
L —- --- —

-  
—---—-

~~~ 
—.- --— — - — --.

~~~~~

—-

~~~~~~~ 
-

- ---- -. -—‘-. - -- a..- -- - - , --



Report No. 3410 Bolt Beranek and Ne wman Inc.

2.2 .2 Noise Exposu re Model

A “hazard” can be defined as a p hy s I c a l  e f f e c t  wh i c h  has an adverse

im pact on the health or- solo- h- :; of in -Ji: ln -iu al s In ‘he ‘-:or2 e n v ir o n —

rent . In the case of s h i n - b o a r d  en’~In- -mn n-~e- r.ts two hI n -al  noter.tial

han-ar-n-is are- noIse anu heat n - t n - -n-- n- -:- . Each ore  -sf ‘ne -se hazards wIll

have an adierse e f f e c t  on the health o r s a f e t y  o f  ner-stnr~el i f
they are exr-osed to  the n- n - - and for extended rn- er-lois of time or

the neagnitu-se of the hazard is e x c e s si v e .

It night be generalized t h o t n-en :-; health st~~n de nd s  ,dem-elored to

judge the acceptabilit y of a hazard -s~-e n-- :oI tte -rn - in t en -ms c-f two

parameters: t ime- and mn -an ,ni suce. In ot n - r von-do , an op-er -atom m all

safely withstan d a ce - n - -c ai n len - el of a han-ar -i for’ a sp-:--n-ifl ed

amount of o Inn - - n -  without adverse effects. In reneral ,the man ,nitude

of the hazard is relate— i t o  the exposure time to the hazard. The

longer- the exposure time , ‘- he I - en tao allan --rat-Ic m.arr.itube of

the hazard. Time and mac nitas-Je , th’-refore , are t ne  t- ,-no nanometers

which sped fy  t h e  r--
~. s it -Ic e r r  or - sr - c  to  a h a n - a r - - i  w h i c h , in the

j ud g emen i t of a health star , bar’s , irn - c an s  ider’ - - n - l  r en - - s si h le .

Let us now - n -bL ess - n- r n - r o b  l ’-c. c-f b -he data r a n - c  rat n - s i r e d  h- s
evalua tfa the -- .-s cnit ss-a of a ha:ar- : re rn-re . In t h e  n-resent case

the hazard is cx s’ess-iv~ ~o hn-e. As sp ecl flel In - . t:n --a data

bas so- r’ -2 q u i : - e n - --~n t n -  o f : - c - c t i -  no 2 . 2 , In  a n  i i ’  on- - a n - h ’ : oper-at lanai

ct,aracte ri so io.s ,tne t n -n - a I an - n.e - c e -n - sa n -n - f-sr ‘he con-n-In- -u t at -n-n

of noise expo sure are n-~~!2 e-o~~i rn - n- at1: ;em-<rt a n d  c - - r ?  orn~
~i - ~ls~ -la ta. Airborn-” nd -n o is ~~ we -rn - by he r h ~~s cal

p h enome na  vain -h can b-u reas ly m e an -un -- ’- ‘I ‘esms c-f n - n - u r n - i pressure 
-
~ -

level. Asso n- late-i -:1mb t h ~ a — n -i -,s ’ i - a l c--a: : _ u- --: n-, Is tm- c location

at which he meec s’’en - : - n t  Is -re -n - air-c-i. i~-~
- e fOn - ’ , tb— i-cs cnirtie n

— -
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of the noise hazard can b-c accompl ished by den-cribi r .g hoc vari-

ables: The magnitude * of the noIse and the  l o c a t - i o n  at whIch the

noise was measured. The description of the hazard does not require

any additional parameters to the magnitude and location and can

be considered constant for the same operatIonal mcde or sub—mode .

The second reauiren-n-ent of the data base is the descri pt ion o f

the personnel w - -rnn- assIgnments. lince by defInitIon , the n-rand

“exposure ” in -n - lIes ~h at  re r.nd~ vidaa is exsos~~d to the hazard ,

it is necessary to zuantify one-re and for how lono th In- exposure

takes place. Therefore , the duty or ~e - r - n - On-irn-ei work a n - s i n - m e -n t

input has two variables: tr rr e and i o o a t i on .

F igure 2.1 -depicts the neneral arrangement of the noise excosure

model. The tv-c ban -ic inputs to the calculatIon of personnel

no ise ex~ c-sure ; the n—ers onnel wor~-r assignment or duty in terms

of tin-re and locat ion-i and the noise l e v e l , in t e r m s  of l oca ti on
and m a g n i t u d e  are identified f—a r each operatIonal mode or s-sb—mode .

The dependen t  var ia b le in the da t a b ase is “ locat io n ” . The rag—

nitude of noise -at a scecif ’ic i s - c-- c t  f o n  and tb-n- amount of t i m e

the  in d i v i du a l  sn -ren ds an. t he  l o c a n - i o n - .  The independent variable-s

ame of course tin-’- and mag n itu -ie , wh ich are the same- variables

that we h~~-
,--e dlsn -oss eo sr nolse standard ne -n - e - nn - tat in - a.

The knc;-:ledge of t h e s e  tw o  d a t a  base I n n - o h s  a i l o  us or. develop

the- r e l a t i c n n - s h i n  tetn- j- en the n - i s t y  of “he cr-n--rotor and t h e  h a s a r i ;

* Si n-r e nt St noi se n-tar n -n-ian--n-n o an- -c written in-, terms of the
A — n - - e l - - h O c - i saunas n - r e-n - sure levels (diA), t h e -  mn- a c n - n i t u i o  of the-
nc-i se is t n - c o n ly  ne-ce-scar;-’ physical d-a scni~ tar of the
phenomena. n-a li-a -i in-. the des-n -rip -ton Is a fre~ ue-r.o:; we i ght-
ing of the n ice n-n ec rain- r- , h i C h  allows ‘n - n - des-n -rite tm - ’. entire
•ljOlO fr--n - n -ue n c y range - - :1cm - a s n rle n-umb er.

~~~~~~~~~~~~~~~~~~~ __ --- - ----
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this relationship being a function of time and magnItude as

follows :

11j 
= l~~. f (L . ,C~~~) ( 2 )

where I~~~in -  the i th i n d i v i d u a l  at the  th  l o c a t i o n , I . is the

leve l in dBA at location j  and C
~~ 

is the tIme spent (In h o -urn - )

by the i th  i nd iv idua l  at loca t ion  j. The subscr Ipt j  re fers  to
the number of spatial locations consIdered from 1 to m and the
subscript I refers to the- number of indIviduals being evaluated

from 1 to n.

The development  of the relationship between duty and noise is the —

moat -t rnportant and diff-icult step in the noise exposure problem .

Once this re lationship 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 he done on an

individual by in-Jividual basis . in pract ice , this is not only

Impossible but under most conditions , nut ne -ce-sn -any. For example ,
the spa t i a l  d e s c r i p t i o n  of no i s e  n-nan be associated with an are-a;

the s ize of the are-a will depend on t h e  f l u c t u a ti on s  In t he  noise
levels and the  a c c u r a c y  r e q u i r e d .  In some cases , t h i s  m a y  mean

a quarter of the space in question or even th o - entire sp ace rn-a;; be -

described by a single noise level. Ia the case of personnel

assignment , it is possible to associate d u t y  w i h a jo b description

or rank which is common to a number of’ indiv Iduals. These group—

ings will depend on the v a n i t hi l l t y  of .~ob ass icr-me at s , accuracy

• r equ i red  and the ability to c r’ed ut personnel m -veme -nt s over the

—2 1—
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I
long term. In d e c I d in g  cnn - t h e  above  g roup inn - s  and g en e r a l I z a t I o n s ,
It is important to remember that the model is i n t e-n i e d  to describe

and analyze the noise exposure problem . of an e n t I r e  s h I p  class.

In that sense , averagIng techniques In the spatial desn --rlp t lo n of

noise leve l and groupinc techniques in the descrIption of personnel

assignment are not only valid hiSt d e s I r a b l e .  T h i s  w i l l  s I m s - l i fy

the extent of the data base r e ou i n - e m c -n - r t s  n -r - o v i d e i  t h a t  s t a tI s tI c a l
technique s are used to describe the mean. an-cd var’iahl lty of each

descnitotor so t h a t , in the end a m e a n i n g f u l  a s s e s s m e n t  of the

accuracy and confidence limits for the pe rs onnel  exrosure predic-

tions can be made .

Furthermore , it should  be noted that once the relatlonshln- between

duty and n-ri se has been established , the information can be updated

and refine-i by any future new i n f o r m a t i o n  a v a i l a b l e  a b o u t  one of

the above too -descriptor-s . For examnn-le , the n e - r n - a n n e - i  w or k  assIgn—

meat data base for a fire an may be described in terms of the

number of hours spent -at each different location ;-:Itn-1n the

engine roan-n- s-an -ed on the information acquired for th-c group on

two ships. The statistics of t h e  d a t a  b - a n - c  ;- ;lil p r o v i d e  t h e

c o n f I d e n c e  h - i t s  fo r  t n - a t  - l e n - c t - i n  to n - - . If  I n f o r m a t i o n  On-i t he

duty a s s i cn m . er ,  t fu r  t h a t  group n - s a v a I l a b l e  later for three or

ma r-c t h e r -  s h i n - n -, t~ :cnf’ ~c- rrcc- lImi ~s for the- de scni n -tor will

be obvi-~us-1y im p r o - ,- -n - i . The- san -re re -as sort ing ap: l ie - n - to the descrip-

tion of the spn -t hn -J nois~i levels.

The r e - l ot  - - n - s h i n -  te -~~;-:eert i n - t a  an-n- raise ma:: no ;-: be  us c-- I to calcuThte

the- re - rn - n - n - anne - I noise e:y os n-ne lose an- : outlined in Fin -~-~:-e 2.1. In the

case of tm-c OgHA c t - a n n - i - a r - i , t h e  r e - l o t  lon nn hmn - fon - -rn - cdat e d in- . En . (1)

rn-n-a- : he use-u to Ic fine - n- n--a fr~ ctIon -t l n -n oi se- -Jose (f) an- fol iOn --n -S :

-I - 

— ---- — - - ----— - ----

—- -~~~ - —- - -  -.-- .———
~~~~~~~~ ---.- ~~ —-- - -— -~~-------~~~~~ -— -- — - ---~~~~~ —“ -~n---- ---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ —~~~ ______  ____
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= ( 3 )

L
where T.~ is the maxlmum . allowable tim - -c (in hours) rem issible by

the standard at the noIse level L .. The fractIa n-~ai noIse dose is

constant for  the same one -ration--al m ade.

The computation of the Daily FoIn -e- Dose (di) follows dIrec tly

from the fractional noise dose equations by using one relatIonship

described In the Section 2 . 1 . 2 :

m

d1 = + + . • + --!~!i = 2~ii i2 ire j=1

This calculation results in a single number descrIptor whIch can

be compared to t -n - -a limit s t a t e - m e - r n -f in the standard to a s c er t a i n
exceedance or non—exceedance of allowab le limits.

The major results that can he dra;-:n f r o m  the  c - n - m p u t a f i o n  of the

daily noise dose are :

(U idee tJ ~~r~-u tn -lon o~ ~cdc- 
r~a -ol- r __a ” e~n - c vieer~~~~_sn - - n-ice

1 e~~P.os i-~~ f - u  ~x e es s  ; - ) s ~n - oicc leu eZ s : this is

done  on-n a space by soace basis. For examnle , if we

assu-~e that th e-n-c ore eight orn-erarn on s assi gn-ned to the

engine coon-., th ’-  results will show that for thr c r u i s i ng

n--c --Ic , b e t w e e n  10 and 20 knots , six of these

ifld~ -cd--in-4a1: wIll have excosure s in  excess of t h e

p- res -- ri~ Cfi—l/- rn- -u i se re - n - - sl at -n-n ann- n-i tn - - c are in c o r n - p h i —

ann -ce ;-:ith the s’ aniaras .

‘~~--~ ~ - -~~
----

~~~~~~~~~~~~~~ .- -~--~~‘-~~ - - - —
~~~~~~~~~ -- - ----- - --:iT .~~ T1~I~~~ T~~~~~
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(2) le ”in n- :~on o f t ~ c rocer ~-tude o” odn - z~n - e e r r ~nd t~ e

a L- Ui t n to ra~-1k order s e r s c n n e l  c u  m o m - c  ex n - - e s r ~r e:

An example of thIs is the- n -ant e s ix  i n d I v I d u a l s  f o u n d

over  e x p o s e d  a b o v e  b u t  no - - .- t h e  n - n o I s e  e x n - - c s u r - e l e v e l s

f o r  e a c h  i n d Iv i d u a l  can be y a n k  o~- d e n e d  a ac c r i i nn

t o  i t u d e .

( 3 )  ~~~~~~~~ ~o e o n - e l a n - n - f e ,  on a oor npara t - ’l r ’e l n - a s n -~is ,  t~n - e e f f e c t

~~~~ two or ’ ‘-ore no e cf a r ’J e r d s . -  La example of this

is c o r n - n r a r i n g  t h e  ~J~-~ED rep- -slat Ion -zen --n - s the  proposed

OSHA n o i s e  r e g u l a ti o n .  In t h i s  c a s e - , u s i n g  t h e  e x a m p le
of t h e  s ap - i n - c  room we m i g h t  fmr,i that a c o u n n - i i n -~n-— t o

t h e  BU i-1ED s t a n - i-h ard o n ly  s ix  In d I v I d u al s  have  e x c e s s i v e
noise exposures and in t h e  case of t h e  cr o p o s e d  ~SHA
stanford , all e icht  I n d iv I du a l s  ha ie a o r o b l e m .

( i )  -n - cdm t : - on--~ evu laof e t~-ne no e r r n - n - h l e r on_~~~~~~~~~r at ~~o n a l

n - o O~~~ L:5c n- o n - n - a :  For exoan-le , n--doe -n- . in p o r t , under

au x I l i a r y  s t e a m i n g ,  o n ly  t h r e e  m d l v i —  n - o l s  ~~~ ha -ic
exposures in excess of the- Faiy stan-hard . Ca t h e
-ott -er  hand , w h o n  u o d e r -n - - n a y , at 25 k n o t s , s even  cot of

t h e  e i n - - h t  i n n - 1- n - i d - n - a l c  may have an e x c e s s iv e  no i se
r n - os ru r’e . T h i s  in f ’onn - . at  on , ~o~’e t h ~ ~th 4h e i-n-nc vie-J r-c of’
r r e r ’~-- n t  Ot ’ t i n t e  t h a t  ° ne - s h i n -  c l as s  sn - e n  a s in  ca-r h
- - S

un e r~ tjcntl n-n n-ie ,n-.rr be- n - n - ed to -n- rl c-e t h e -  l ’ - p o r t o r - - -e

of each  de -on ‘n-he o v e r a l l  n- n - i n - s  exrcs are p -rub le-n of

t h e  c l-ass .

In s - n - n - - s on - i n n -, ~ln -e n - r u - o e u o r e  so~- m - e -s~~ed n r n - c  n - r e ~n . - - ~c;- - s n-
_

n- r n —  c m ’,;;

t m- c ~r u n -~n - p u t t~. ? a o ” floe - n- ’ :v n o i s e  e:< r -as ;n ~s f o r ’ a - - - ~en c n - n -~~n - a t i r , c

rc i-a b u t  -~i l n -  C n- he -  acsen--n-~~c-n. a:
’ the- Y’- n-— n - ceo n r. ols~

ex ~- o s n -~rc an-n-nr - - - a n -I - n-,n- sf-on -ia r-~s -oi l on en-or On - int l ‘--ode- n- 

_________________ ____ .
~~ --~—-~ 

--- - —
~~~~~

---
~~~~~~~
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-—-
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2.3 A Model for Noise P educt i on Evaluation

Th in - section describes the analysis necessary to cc - fi n--n - : th-:

overa l l  n o i s e  rc- -J ru n - : t i or~ r e - c - s i r e n - -c n n - n - s  i n - .  each  c-nc -I n- c -c--r Ing sn-ace

based -n-n the p er ’sor1n -e l  no i s e  e x p o s ur e  r e s u lt s .  Icd r -t h e -n n o r -e , i t

n-Ies-c r~b-es t h e  seauential st e-c s ~ro -J d a t a  n - a n - c -  necessary to estab-

l i s h  t h e  c n-r- n~ r I b - n - t i c -n of i n d i v I d u a l  n o i s e  s ou r c e - s  ( e n - n - l r m~- n t )  to

the  ove r-a l l  no i se  at a given l o c a t I on - .  an -u  t h e  i-s-fi ni ti-n-o o f

i n d I ’~’i -~oal  sou r -  cc noise reduction reasirements.

The a n a ly s i s  of t he  noise  e xp o s u r e  p r o b l e m .  is i o n n -~ thn --zugh the

use c-f f r a c ti on a l  n o i s e  dose da t a  d e v e l o p - e d  as a r e s u l t  of t h e  -:

r e l a t i o n s h i p  be - t n - - n - c e - n  d u t y  and n o i s e  d i s c u s s e d  in t h e  t n - r e o ’I c u s
se -n -ti n -n. The n-n - tcd e ct ive of th in -n m i n - o c e d u r e  is to ident ify t h e
1- in Irn un o noise r’educf iun r -ezr u ir e ’-  - r n - tn - (AL.) at each locaf i Or t  an -
a f u n o ? n of t he  fe tal c - - ’ ae ~g n -  n - n - a c e  n-r ’c n- Zen (not Siorl;,’ no ise

leni e ~s)  Id- . a n - n -  r t I n - o r0 m a n n e r .  The s e - s u e -n f l  n - h  a n a l y s i s  is n - h o -n - n -n
lU  F l g u t - - -  2 . 2 .  1’h~- -n - i n c d ; : s I s  I s  l i _ _

i t en - i  t o  in n - i l or d u a l s  n --n -h o have
be en ~ sent  n - :  en -i a s  n o v  ng an e x c e s s i v e-  h a i l ; :  r.o I se e x t  osur - e-
dose , d n- T h i s  o : e r ’ o t i c n  is d e f i n e d  ly th -a  f i r - n -  c - r n - t r y  In
F i gu r e 2 . 2  n - -n -h ere  t h e  m r . n - i 1 ’ l n - L o l s  w i t h  e x ? e s n - i v e \ n o i s e -  e n - - n - p a n - w r e n -

or-c c l o n - c n -~ n - I n - n -  f o l l o ws

- 
= I ,. (d. > 1 . 0 )  (~~)

r y

n - - n - he r --on- i-n s ~ sub- —s et o~” I fr om. ~ ‘ a 9-

i- l r ’nn ~ of -all , ~~~~ : n - ’ a a t : c n o h  - i n - c  - n - n - u s e s , ( C. ‘ n--c n - ’t n-n ’ zed i n
a r -rn - nv f -r-m . ~ge-~ her w I t h  he h 1.’ n - - n -  s-a n -a-se as fc-lla- ;-:s

_ y r  

~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _
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No ise Exposure
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Fract ono l Noise Dose
Ana ly sis
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Comp utat ion
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Noise Exposure Prob lem

Iterative Process to Determ ine
Noise Reduction Reqm ’s
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.4
Rank o rder t he Overall No se

Reduct ion Required at Each
Location
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F I G U R E  2 .2 A N A L Y S I S  OF N O I S E  E X P O S U R :
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T h i s  presen -tat i ~n s - n n - n - -- -L e s  all n - n - C t n - n - C  n - a n - I  ; no 1 5 5  - 1 05 € ;  ~n.f~’- 
—

n - r a t i o - n  ann-i mn - in n - -n - s t h e  -o - u r i n - r - l t o t i - : n  of en-oh In- - n-~t Ion c to~ hall;-

no ise lose. L. i n- des irable to  ‘ i a r n - n - L ;  t h - o n - e  l cr o r  n- . n-

m t  to n - h e - i r  co a t  n - -i b - u t i o n  ~ o t h e -  n o - n - c - ‘- :-n - r c-n - , n - - - n - ’’m ~ -r . Id - Is

i s  a c c c , n - r L s h e r n - d - n - -~~o- - aa t h e  o n - n - I n - - i n - a  ~n . r n - f  t n - n - -. - .n-

( l l) a s s h ~~l l l n - I r- -Are  2.2 ;r ~~ or ’ - -orl , n-n-c- - n- e- ’ n - o- t he

Pr r I t v  ( P P )  a s:

= - - - -
~~~~~~~~~ - n- - n - i - - n - n - . it , 

-- 
(

‘: 
1 O - t ’ n .  n - . .  

~J-:

i n -: ‘ i ’ - n - - - ’i ‘±a e ’ n - i n - nt ~or. , 
- he- Hn r ’ t I u l  Pr ’ o r l  a:-’ n - n - n-~ n-~’ r n - ’ ‘ o

on - :  a : ‘~~n - n - n - L’ n - I  nto r - ~- n - os ’ h’ n - - - -s : i n - n - n - -  n - o ’~~E- -

d--
~ - --O lo i n - - lI --at e - n - ‘ h’- :n n- Y 1 0,  0 ’ n-~~- 5~~n-’ u ’ -n- t n~n n- - .- n -~ , -

— 2 n - —

— . J ~~~~~~~1:J ITtT~~~J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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el i- I n - j O  t e d -  n - - n - t b - c  n-al l v ‘ d u a l :  n - in - I n-n- n - o ’ S c- -n- s- ’ - i f ’  t in - ’-

lev e l at ion - -ri n - n - on - on - n - ‘ n - -
~~~

’’  ice ; to  c ’~e- o- or n - n - n - l i a n c e  le vel  for ’ th e

exposure ti n - - .

Un- in -n -n- i~’: or- t n-n- (n - I - ) , - ‘n—n- - a ’ ~~ r no ~ n r n -~ - o i c n - e  ar -r u -n -  n - - a ;

c- n - rn - n - - n - -te d ho n - c  a P-’ -n- ’ i  ad- n - - I -  r - I n - y  an--n -: ,’ ann - n-hO n-Sri i n - s b - - i :

T—

~

-----

~

-

~ 
~~~ 

_ _ _ _  _ _ _ _ _ _  

-

~~~ _ _ _

n - n - 2 n -  d - n - ,~ . . .

n - s i -  n- n- :- ‘n- - ;
- - 

“ 2 
- -  a ‘ P

~ 
( f l f l )  

1
1 

I~ ~ 13 . .

k=l

‘ f i n - - n -  n -on : a - i n - .  - v ’ - i n - n n n -  I ~- n -~ i a  -n - r-~ at a ~
‘ ‘n - - n - , in  - n - ’

i n - n -  d e n - I m - c h  - n - s  I ho i- - h o n - - I ’ :; n-lo x ( an ’~~ ”ol b n -~n--:s :

I = 

~: ~~
n-
~~~~

’ ( I d

~~~ (
- I~ n- n- n - i n - n - m t o n -  - 

- ‘  S - - - n-~- :. o n - - n -  - 
~‘ --i ~ n - , -

- in-n- ‘ ,_ - :n - n - t  m ’’- i - t i r In - ~.s- ’- - - - - i t  € - , - ‘n-a’ ’ -n - ‘n- -

n -n - e x- ~rc S - ‘ 
- - 

. 
- on - - ‘-  -

~ 
‘ - 

-
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t i - c - rein -n ’. in - s in - n -  c-n - ’ : - n -n - ce ol’ n-n-ne i c - c n n - I  I u r n -  - n - en - -s n - s n - n - o t h e r  n - n - id  In ‘ho n - I

sense sc-n-’’n- c- o as a n-n-on--c in hon-n-n- ’n - i ‘ n - i n - n - n -  n - or e -  ‘‘ h o ’  m n - r o t s ’’

bute on- n-- n - s t to o v e r t - a r  on -n -re.

?w- factoms of’ nau ’n-n-- ad - ,~~t n- ( n -  lIdf - 0 -n - a - or . I - n-ti ;:, n- i ’:

‘‘n-n- n - -n - i n - - n - n - n - - -  -n -a - a ’-- c : ’ ( i i )  - i s or ,e t I n - o n -n- n -he  n on n - -i -~-r of oo—er - -n- n--: n ~sed

ir i -l L a’ n - J a - n- i s  c- ’, n - , n - - ’ i ’ - a - ed ~b n - - h o .  For - e n- -n- n - n o n - I c -, f P i n a d ’ ’~-l i s a J s  ar - n-;

cor n- s n- de n - ’ - a~ n -h e  n- n - n - n -  I m , n - r ’n - In - , ’; ‘n- f’ F l  = 5 ‘I n-n- e- s i n - n - I n -  I c o n - n -n-n- e o n - ’

n - n - L I o n - h , ,- - the - n-- ,xI: n-n n - r n - ’ ’ n n -  -n- ’ a - ‘ I n - c - n I c - a n - t n - n -, is ‘n-ha ’ I’;

r ’ e n - b u - : m n - i - t n , e  n o i s e  I - a v e - b  n-n -
_ n- t h a n -  ln-; c n - - ’ t I -  n - ,  t o  n-n - ,’-- n - tn - non - n - n -i , n-n -ho

i n i i v i - o i ’ n- -n - l s  -: -s r~mn - In - i n - n - - r e  a n - -n - -n - -a l - i  b e I:, con-n- ho n - - n - n - n - s .  Tn o t i -n - -n ’  n - - n- n - -n - n -,

t n - n e  r e d u - n - O - i o n  of ‘ ho- noise len -el fr-on- . t h - c  m - , or ’ed t o  n - i n - c  s n - r n - - h a r d

(90 hi-ho , fo r  O~ ‘ i - I f )  n -n - f t n -h a ’. I c - n- n - t I  n -n - n-o i l  t o- in - F n - i . e  e x n  s n - n - - c  o_”

a l l  n - n d - n -’ n - i d - n - a l ,’ t o  t i -n - c- n - a x i m o n n - n -  r e r n i n - s ’b b e or b el ’:n- ’,- . hob o n - f

an-a; : -~n o m n - n - r o i s  n - n -  ‘ n - t i e r  b u n - - n - t b  ns  re - ’ n’d n - n - n - - s  o n - ’ le n - c - I .  I n - c o r n - d i n - ’,

i f ’  nor -c -- t in - n -n -tn- one I n n - n - i i ’ n - i - s u n - i  n-n e~ n sI l e n - - n - h  in e o n - h  2a + E~n -_ cn i-n-

( t i - n - c  ,L i n - a l v i . d u r n - L n - - s n -tn -  d e n - ’ m n - n - e d  n r e - v i - n - - n n - 1,’ ’ - n -  o n e i - - O r - n - a n - .  or a n -r o ar of

o - c - op le per-for-thIrd-- t he  s -n-t n--n- c- n - -n -n - -ri - : r-0’i’n- I n - n - n - ) ,  t- -.= (IT). :ln ’, i - c a t o - r

r n-n- ;: Ce —- en - - ; :  s n - - :: 1: r n - o u l  :‘ I e n - J  t o  I n - n -  - - n - n e  a n-n-c- I - hn -n - rn n- f ’ n-n - u t o n - ’  ‘ ion - f

n--h 11 re- i’m — n - n o  t h I s  cast- - t h e -  r e - n - - h - e n d  ‘ f ’ ’ n - n o t h o n - ,  h-, n-n-~~’u n - i e o  ~ i-~, ’:
‘n - j i I ’ n - i ’ n - r n -  ho’ n - n f o n - t n - r  :: ‘ n-. e m n - n - a t ’ n - n - n - n  ( ‘~~ an-s f j , l — ’,-: s :

= 1 1  ,dn- .~~
,_ n - r n - era n- , .  ( - , - — -~~

( _ _
, I , . 

( n - n .  —‘ -j _ )  

— - ( n -

n - s n n - f’ , ,  ( j ,  — 1 )

n - sn n - I I , n - i n - c -  n - n - i - n - n - ’  o ”~~~n n ’n--h -s , a J s  Id tenor’ ho Ti,ho c n-n ,-~e-

n - s i l l  a n - n - :  no - i~~ ’ n - n - h - -  n - - a x ’ - ;n -n - i~~- -’ o n - ’ ( I i ~~. n- r n - n - n- h o P )  t o- :

- 

- - 
(9i

-- -~~~~~~-~~~~~~~~~~~~~~~~-~~

— ~~~~~~~~~~~~~~~~~ - - -----~—‘,--
_ — -

~~--‘—,~ _ ,  ~~~- ~~~~~~~~~~~~~~~~~~~~~~~~ — .~~. - ~~~~~~~~~ --
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In pra ’n-tl cal cases , n - h —- i-I hon-lIcator’ in - s n - n - rn -hod- n - a c :o, -u l  t o  n - n - -

n -n -j Xi n-’n-fl . I n -  t h i s  c-n - se , ‘ n - n - c  - n - n - t r i b al n-n-, c ’ E l  n-- n-n-
to  rank on--icr n -bc - n - n - L Ien - .  ‘n - n - n - n - f l  n- i c o n -n -  m m -  n- v -o n- r o i n l e -  I c -n - ’

1r e v i - ~u s i y .  N u n -- n - e r , n-n - n - n -  f i n - n - h o  ;d- ’~~c ’. I v’a- I n -  - o ‘ n - - v a i n - n o n - c -  n- n .e-

i n -~ L a 0 0 ,n-, “~~
‘ ,- 4 ‘ I n - -,n - _ O ( -~

t o  rneet a st n- - n - mar - - I .  T i- ,- — c n -~~- ’ n - - n - r’ - t i , - : - l ’ o o - n - - u~ - - n - h n - n - n -- ’~n- ’n ho n - n - ae

of n o i s e  r - ” d o n c n - i  - n - n - , r - e n u ’ nc - - i  ‘ n-n- r y  an ho er-n -f i n - -  i n -  oo~ n - - n - n - sn -ar

t he  II n - ’n - r a k i n  b ra d  I cn -tn- ,- i’.

The n - i e t m n - o  n c- il l s  n - on - - ’  re-n - i n - n - i n n - ’  t h e  r, n - n - l  se len -cf of’ ‘ i-a c hmn - ’he n-n-

P1 i r , d i - c a t -or in I h n - — st e -rn - nan - n - f I I  tn - c ~ I ho ‘ c a n - o r -  i n-n-n- n--educe d In-

r o a T n i t u l e  t. - b e - ion - n -  thc- scorn’: hj h,~’s t, . The a n - ‘— n - - n - n -  ‘ n-n- i s  s-en - c -n - ’ c-i

until no uoiiv n o i s e  d o s ’ - ( s )  in  n-- s - n - n - c n n - n -  -n-o f’ ‘n - h - —  r n - t n - n - n - i n - n - - n - I  ‘n -n -r e l eft

(i.e.,-J , < 1,0). N a— n - h ifo r- n - ti - n - o ho’n-~,i ’ .’es t h e  ‘ I n - n - - n -n - s ’ e n - n - s :

(1) -e n -in - ce the ~ - in - rn - Ic -n - el , (I) by 1 dii at the location

n - - s i - n -n -h t n - c -  rn- :n -h e, : t i - i

( 2 )  n-n- n - n - n - o n t e  t h e  n c - n - n - n - n - I l - n - n - s a L l e  n-n- > n - r o s o , n - ”  I h-n-c . ( C )  f a n - ’  the- n c -n -s

1ev- n - - i ( L  — 1) ~ in - in - .

(3) C - n - n - o n - n - o n t o ’  the ne-n - -n “ n -’ n -n ; n -t ’ cnn - - I n , - u l r c  d- ,-s , a d - n -  ;‘ al l

i n-i c l I n - l o n - u n - a i s  n - f ’ fn -- ;n - ’ n- n - - I  a- ;: ‘tin -- ia-n -n-f l n , .

(n - a ) n - n - n -  n - I ”  tn - a ’  n-c i n - c e - i  ‘n-n- 
- ly nn - in - c n-n -n - s e , i~ ) for- n - nJ I

i n n - n - I  ion -n - 1: e l ’f ’ e- c n - e - n - : :  ‘ n - a l :  Ic ‘ n -n -n - .

( 5 )  1- ” — n - - in - n -c t i - n - n - -  PT f ) r -  n - n i l  i o n ’;’ i n - n - s .  :: ‘-tc t h n - t L i

c d - n -n - r n - I n - n -  t h e  n -n - .n - n - iiLn - -ie - of  n - ,  n - n - ne- ~;~d- n - - n - n -  of n - n i l

n r-e- r o n  I ‘-

C n- - n - a ’ n-’ n - n t  t t  ic- n-n - n-n - I  - . o n - n  — 1 )  n - n - &A a n - n - u
‘- :-a -~ : - ~~--- - - - n - n - - e- o ’~ t n - h ”  I I  ‘ n -n - ’’r r “n ’- “ I I  o ’dn -n - r  l o o n - n - i n - ,; .

L - - -- -
~~~
--— --- - ---- ---- — - - - - --- -~— - - - _ _ _ _ _ _ _ _ _ _

— .A~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~5n-~ : .  _
~ —‘——- -- - ~~~~~~~~~~~~ -‘ ‘ —  — ---  -- ‘- -- - - --‘- - -“-~~~~~‘- ~~~~~~~‘ — - ________
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(6) R e - n - n - e a t  t i-a -n- o n- n - - n - n -’ I -n - n - u r n - n - l i  n - l i  n-h , ‘n -n - I n - c - s  or - c- e n - n - a l

less than 1. hate n - m n -  n-I~n - dmn - : idn - n -u l  ‘ in - l one - s  o f ’

b” n-- n - n- n-n- un l n - ;-’ on - - l ’n - s : , the  c n - o - n - - e s r s n - a i i ’  n - a l - n - - o n- of

In  t r n - c’ ’ n - t ’ r ’ n - y  0 : 0  n- n - - o n - n - -a n - - o  n - n - n - h a no- e n --n - -n-- lu- n - i - n - - n -  f r - o n - n - .  fun-’’ C- -

c o r n - n -  - n - t n - n -  I a - n - .

‘n-ne- n e o n - n - i n -, of  t n - _ i n -  n - n - n - - ’ c - - n - t  I on ‘,- n - h o l  r- n - - c ’,n - i  n- e- t h e  ~‘n- n - I nn - I ”n- n- n-n- a r - n - or —: f n-n- ”

~o n - n - - i . e  redac t n - r n - u  r ’eou i  r n -- n-n- at. e n - n - n - o h i O n - a n -  ‘ on n - n a t  n - s I l l  re - sn -hIt in-

corn- h an - n -n e n -- ; i th  a n - i tn - n - ,’J n - n - r - o i . T i n - i~ r n - t i - a  ho a I s c  a-n - tin - n-n-n-es ‘ h e  n - n - -  —

cedure  of  a s s n - I d -’ n- l ’  n - -n - n - - n - s e  n - -  n - n - u — n - t i  n n-- - - n-n- o abn -” n - -’ - - n - t s an - e n - n - n - ,  - n - h o ar ,

f rom t h e  I r a i i n - i d o a n - n - n - I s  e n -  n - n - s  u o n - I s e  exno cn- nn -Are rn- i n - b  o f  n - ’ i -  n - -n - . The

mn-a~1n i t n - n - d e  of n o i s e  n - c - -n - in - n - n’ i o n  a’- e n - - n - h  l o c a t I o n  ~e x : r-e s s ei  ~~ d N A )

may non - - ,- b e r n - t n - n -n--n- n - -r n - n - c - n - -c - U as s i n - - n - - n - n -  ira n - i n - u n - -c 2 . 2 .

The analysis of n - ba rn - - li ne e x r  — n - s o n - n - - c  i n - - n - n - l e n - n -  re n -n -u ln -e I t i-n-n- ij n-- v e l —

cp n - -n - en t  of ’ n - 0 1 5 e -  i” - d on c t  i n - n  req -u i n - c - r n - n - n t :, in - n - i -  - , far n-- n - n - c i a  ‘n- n-n-n-n- on - ’
lo c a t i o n  n - - n - i n - i --a - n - n -  s n - - e c i n -’- h r ~n- n - n - in -I oh ,- n o n - n r c e , n -  00 n o i s e  n-n - o n - a i d  n e o n - i n - - c -
no in - c  r e - l u - n t  n - ) n -  - The se -n - u - n - n -  I - a ] r - r -o c -a J n - ir- n - a  i-n - a ’ n n - n -~ on- t o  - - v o l  n - i t  c

t h e  ‘ n o i l v I - l u a l  e n - u n - n - n - n -n - n t  n c n - l s c n - -  n - -n - U n o - n -  h -n - a I: n- - la o-n -r n I n .

2 .3 * .

B e f o r e  n - -n - c - e n - t e n - ’  lma ’n - o  t h e  i n -  - a n - s I  ‘ - n- o n -  - - n - n - - n - n - n - -  ‘ n - n - ’. n - n - c I , n-~-- n - ’ ’-’ a a - c ’ n- 

a -n - I s in- ‘ - ; n n - n in- b-c n - a- - ‘ n - -n -’, n - n - n -n- ’ -, a ’ n - h i s ’ Ic r n-’’ - : e -n - in - - - n - - n-n-

t h i s  s te p  is  p c s n - I L l r ’  n - I  n - ce , n - o n - n - -  t i n - c  c a n - c  n - - i n -  n - n - n -  n -n -so or n - n - n - n - - m n -  so i n - c r - :

* h o- ’ I) n - r n  - n n - i - ’ i c r ,  t o  Oh -n - - n - - - - n - r a i ’ ~~~n-~~, ‘n - i ’ -  r a i s e  n - - n - - i n - n -’- t i n - o n -,
rr- -n - n - a n - n ’ r ’ r n - — - n h  n-’ t a r . s  t h e  s ta t  In - n - n - n -s ‘n- n - n - n - - ’ i a f c -  i n - n - t n  t n-n--
n - - n - ’ ’ n - a l  r n - n - n - i n - n -c I c - n - c - I .  For ’ e x - o n - : n -  In - c , a n-c- i - a c t i o n  re’ n - n - - n - - n - ’  -a n - n - I

f 10 -‘n-i’ i s on n - n n-n - ’ e n -  ‘o n - -  n -n - icc- n- tn - on- . w i - n - n - c -  n--n- en -a n-, n c — i n - c  l e - ,- -n-d-
‘n - n - s  d - - n - c r i n - -- - - i  n - s 55 .1  i — n - A  n--n- n- n - h st ar - I - n — U n-n--~~n- n-n- ’ on (-: ) of ’
+ 2 . 0  -ii - . T b - - n - i - f ’  “‘ ,

- n - n - h o  rn -s rc -n -iu- - ’
~i- n - r r ’ - n - n -n h ’ ’- n - ’  n - I  of ~ 4 .D

~
3’in-n- ( 10 + n - n - n - n - ) n -n - ao l- zn-, n - o n - n - non -r e ‘ n- n - n - ’ a n - n of he - n - In- n - s n - - s i t h l r a  ‘h- c
n - I n - m n :- n - - n -n - oi l -n -i n - n - n - -e - t, t I n - c -  n-n- ’ a n - i n - n - ’ ’ :  n-n- ‘n - n -n - n -n ’ hon- c - n - t I n - - n .

_ _  
_ _ _ _ _ _ _ _ _ _

_ _ _ _ _  _ _ _ _  ---- -~~~~
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contr ibute exce’n :n - l’~’-n--l” tn - ‘.he n- n-sc ln -n -o’enl an- n-n- b - n - a n - Ion , n - r n -

i n f i n i t e  n - n - n - - C e : -  o~ n-n- a r - - n - c -  n - , n-n - c - r n - - i a - n -’. I n - n  cc r n -h~~n - - t I n - n - n -  I n - n -  r n - a s —

s i n - n - I n - .  : o n r - t h e n - - ’ n - a r - ’, t i - n - i n -  n - n - n - i n - s- n- n- ’ a ” non -n -c n - en - I n - n a n - i a n - .  n - -n--

s r e c i f i c  “ a n - n - i n - n - c - n - .’ ‘ te n -n - “- - n - n -- ” a iiz ’  “ -n - n- ’ In- n - - n - -n - c - In - bOo - i n - - n - h  
. - ‘ . - — “_ _  - - .- ‘- ‘ 

. 

En- r , ,  n -an-n - e n -  n a  ,n - n-~~. ’ n - . .  an - n -  n-a n - . -n- -n-_ m n - n - - , -n - n - _ n- - n-cn- C’ _ n - n - n - ,- - ci

a - :b e ’z f r , n - n-he in - - - - I r - e n - i a : ’n- - -, n - .  I n - n a I l ; : , n - - c -  n - n -’~ r-n -o - ’ an -’ n - a I a c  ‘n - b e

‘n - ccr a -a n-~~-n- t n - ’n - n -- - i i - ’— ~~~f f  n - n - I - n -e- ‘ -ae ’ n - i -,t n - . ’ t i - ’ -  r-’- n - i u n - t i ’ o’. 0
0 n-C n . ’ n - o - i n - I n - e

‘- zen - n - n -nan - n - ra n - n - t h e: -. For nn - ’x n -n -’n- n - ie , n - n - n”,en In - I: n-n-are -- :-n- n- e n -h e n - n -  n -rn -n- co ~~
ef ’ n-tn -n- r n - t I ’ .’ n-o- t o  r n - a n - - n -i n-- - - n-n - n - n - i - n -’ - - n - t i n - n - I ”  h I, -n n - -o r r-n- - ’n-n- - n- n n - ’ c-n o n - ’ n - n ’- ‘ n-n-- n-

o n - C : ’  a r - - n - h - n - - n - ’  n - I n - n- n - a n - h  t n- a ’ - n - a loe I e n - e - l  e n - t n - - i - n - n -on n - n -’ in - - n - h  n-- a ; . n-n--

‘-he  mn - an - - - . ,h t h  h o n - n - -se f - r n - tn- s in - ,  n - I n - n - i, t o e  f’ l i o n - n - I n - ’ n- n - - o c c - -’I n - n - -’n-- i nn-n-

presented n-s a n--ra n-c r n - n - t h e n - ’  n - h n n - a  ‘- n-- ’h-’ ’ -’ fn- ‘- an- h: f a i n , :,’ .

FIrst of all , i t  ‘ n- n - se e-n -sn -n --- ;’ ho n - n - n - n -- n - -n - , n - - n - n - I a n  c - c - n - i n -  n - - n- ’ I~~e n - . s

or e n - n - an - n - rae -nt con- : c-n-sn - n - t n -  c cn t r : t~~t’- ~~ i - - c  n-olin-c ,n - n - -,-ci, at ‘n- n--

locatio n -n - of in - at - ar-n - n - I. In , o - l h n - - n -’  n - -n - on - n - n - on - n- , n - -n - in - n- ’ I : - n - n - - n -  n , - ’ sc n - l a n - a n -h ,

in t ern -n -n -s - n - f ’  n - a n - n - a n - t i n - d c  ‘-n- rn -on- fn - ’ n-n - n - : ’ u n - n - - n -m n - ; - ’ , ‘ I ’ - t  n - -n- h - a n - s n - o n - I’’ n - n - -n - i n - - n - n - t h

each e n - n - n - i n - r n - c - n t  I tern- . T h i n - n -  n - - e c u  ac - n - c n n - ‘n-en f i n - n - e n -  t i — n e - ed  n- ’or a

second I n - r e  of n - - z e n-i n - t n - n - n -  n - Ic - tn - n - L - n - s e. Tb- c t ’ —’ct Io’ -an - n-i a n - ’ ien-’cIon -

t n - a c -  d a ta  base or- -- to- den - n - n - n - - h e ‘ n- n-n-’ n-n- i n - - n - n - e n - ,’ ’ n- n- n - a c - n t  ~n n -  t e r n - -  n-n- a ;
the m dlvi Jun-i con -_ i - n - n - c - n t :  n - ri.i t i - n - n - - r r n - t n - a s  of ’ n - n - rarn-~~n-n-n- n - n - r n -.

T n - a n - -  : n -n - a ] ; ’n -h s  of t n - a c -  n - c i s c -  e n - zn- ’ - ’ - n - a ’ ‘ rn-n ‘n - -n - ’” n-n-- ” tn- ’ n - C -

n - - r obi n - n - - n - ., cn n - n - n- c --n- -’ i1- - In a n - in - n- C-~~n - n - ’- n -  i n -  n - n - t ,’ -n- n- -
‘- I n - -  ‘i - n - -- n -n -n’n - e:’ of’

source:  ‘h - n - t  r ,n -’ O n-a r’ o n - - n - n - n - I - a-n - ’ - n - n - n - - i  n - n -- ‘-mn - n - n - l n - : n - - n -’’ a r n - f’ ‘‘ n - n - -  n - ’’’’-

n - n - It h - n- a n-sb I ‘ n - n -  the n
_
-n - ‘ n -n - c i n - n - n- ‘-‘ n- a’’ ‘ n-a a . n--c n - n - k  n- n - - n - n -  rn -in -c on- a n - -n - n-n- n-n- C I c

( n -  ) ,j-n-i n-n- n , ‘~~-‘ n-’ - - - n -n - n - n -n- An -n- - n - : Tn - n - I n -  r e I n - n - n -  I r Ile : n -r a

- n - n -’ ’n- i - n - ’ c -  - n - c ia n - n - n - n - i n -n- ’ Cn ‘ n-n- n--n - n - I o n ,  ;i ’ ’! iUal

n - i o n - i n -n - n - of e n r ’n n - n - - ’ a n- :,r’- ’ o n - ° ” n -’ ’: n- , ‘‘n-: C n- , -n -n -ho
n - n - a- - ’ n - ’ ,n - n -n - n - tn~

! i- n - tn - c r F f ’ ~~~’ n - n - ,, .~~n n- I 
~~ 

-‘ - ‘ n-n- n - ’ n-: ’ b I n - :  n -he  - 
-

e r - c  ‘ n- n - ’ — a n - n - n - ’ :  o n - n - -, - n -  l n-n- n -n - ’ : ’  n-~”n--cI n- ’ -- - I In -n - r a e - n - n -In - ’. Tn- c-

-

~~~~~~ ~~~~~~TiC~~~~~ 

- 

~~~~~~~~~~~~~~~ - -~~ ~~~ -~~~T= _ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~ - - -~~~
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p r o c - n - u. n-n- n- r - c - n - n - I r - e s  n - an - n - -n -ni ;:  n - apr - in - n - i -at --n - n-n -n n- on - su r ’c n -n -n -n - ra ’.

t e c h n i n - a n- n-n- , ,n- -n- z n - n - - n - y  n - - n - a  e n - j o i n - c -  n - . -cas ,, a - - n - n-nae r-n - t s  n -en - n- n-- c-
-~ n-~ i’i i’ n - , n - e -  b I n - I n - n -  n - u  J I n - ’ o - n - n , ’. la- en -n - Ions n-ocr n - n - :  n -h ”

- 
- c n - n -~. s-a on - i n- on e n-a - n - t ; n - n - -  n - n - n - -n - n- . In -h n- r-sn -t :o-n - , n - ; .:in-n -ali y ho

pren -a - . n-~t-=n-d In u n - n - ,  an n - i  in - ,  n - a n - a v e  n - n - n - n - i s  on - ’  ‘-hir  I n - c t  n - r a e

n - -a n - a-u. s n-n-’ i’ n - ’ n n - n - ’n-’n2~~. . 0 _ n -n - n - -- n - n - -. e n - t a  an -a n-I n - n - . n - n - n -n-n - . -n-n- n-0_ t
.,-ujse a - an -n - i n - ’,, I n - ,  ohon - n - ’n - n - n - c - r - I , n -z In -s ‘n - i c  n - s n - - c-n- n - rn - c - n - :  n - r n - a

n - -n - n - i n - I n - n - n - .  o~ n - b r,- -n - n - n - n - h o -n- ~n- n - n - n - n -n- t n - n - a
o pn - n - n-- n -it io: n-n- - : : , a n - - n - n - n - t E n - c i : n -_ ‘: °f t n - n - e  n - h  I n n -  n -n -a l n- n - n - b i n - en - I n -

: ,  ,‘, n - h n -r ,  n- :, n - e n - n -  n - s n - n -  n- n - n - n - r - f ’o n - - n - - - n -  n-n -n - ,n - t n -In -c be e - l i

n - n - n - an - n - t n - n - i n - t n - n -in . ‘n - n - In- t I e  C- n - ’ n- n - - ’ n-n- n - n - n - n -C n-a -a -ca ” , n - n- -c n - n - n-n-

n - n - c - r n -  p n - ’ n- - ’~-’ ’h e r a n- n n - n - , - n-n-;: , es ; - n - - : i a I i ;: n~~- ‘ n - - n- -n-

oc r -n -h n - n - ’ ;  n- n - . ’ I~- - n - n -  n-’ r n - n - n - - n - -n - an - -n- ::c -n - - -- n-n- n- -, rn - , 5 .  an - n -- n - o - IJ

n - r n - - n -  o;n- .Tnuf  L 7  on - a n -  o n - .

(2) A c - i t - t n - n - n -  ,-~~ n - n - ’,n -a n - n - n -: T h I n - n -  -on -n - n- p ran- n- -n - n - n - a :‘o - iIn - nn - n - n -n -n a n - - n - - n - i s - n - n - n - -—
,‘n - n - zn - an - -n- n-’ n-n-n- n- on - : ’n - t n - - n - n - ,  o f  o c - u n m n -  n O n - - c - n - ’  ,n- n- n - cl ( n - - ’- - - , )  n - c r
c - n - C a ,  s o n - - n - - n- o n - n - . : n- n-n- n- ’O n- .n - i n -n - n - t I n - n -fl : . c n - n - - I ’ n-a n-n- ’ i- n - I n -

t n - a n- - ;n-- r’ -n-n-i -n -n - o~ n n - n -  n - n - ,- - n - -~~, -i p : ” n - s u . n - ” -  I c - a c - I  (fin- )

ho ’ t n - -~ n-o~ rce ‘ n - n -  n-n- f n - a a c n - n - i o n - - n - f fn - - -a - o onn - -n - icz at  n-n-n- - .

c - a -I l - ’  b - - n - t n -I n - n -  in - n - n - r n - c -  -n - o n - n - n - n -a r -n - :n - e:~’ . : -o ~e t - n -  n - r a n - n -

c- n - rn-,: i-a x a-~n- fI c n - n - u i n - n - n -  n -n -n - i tI n - c - ~n - I f’fn-~’’n - e tIo n , c-rn-n-I n- -n - n - n - n - -n - -n - n - n - 
- _ to n-n-n-n- n-alnen’; -’ ‘n- c nn - ne - n - n - r a n - i nan- -n--n - n - i n - , &n- sn-ace ,:, - n- n-

n - n - .~-t ’ n - n -n -n -n -n-, n - :n- n- n - .a ;. - n - n - n - I ; :  ro n-n- “~ a I l n - : , I n - e n - i  o , n -  n - a - n -n- o- ;a t n - n - i

n - n - ,~ In--n-n- n - ,n -hse n- n - n - -n - bin - n - n - n - i , n - n - O ’-n - ’  n - n - n -- - C t - c - n -  n -I

n -n -n -.

n - n - I r a n -’ h, - I o n - c - a n - o n - n - n - i n - a  n - . .  I n - c -  n -- h - n-n- , t a n - ’- : n - n - o n - s n - n -  1en-’c- 1~ n - on -
‘ire n - - n-an - n - a r n - n - o n - ’ n - t e - i  I n  n - e n - ’ n - n - , ,-n- n - n -’ n -r.5 In - n - n - l v I u .,n- o n - n - n  n - h r  n - - z n - - n  an - n -

~a m n - n - ,-. n - n- i n - n -  i’h .n-~~, n -,n- 2 . ; .  n- n- - a n-n - - - , n -a t n - n - a -  o n - a - n - -n - l i n - i n - I s - c  n c - i n - c ’ I n - n - .  n -c - n - n - n - I n - ’ ’—

n - ;r.In - , ‘n - o r :  I n - a n -  Iv I i~~.~ e n - c - I n -  ‘n- n-h n . n - - n- - n - an - nt In - n - n - ’ n - n - ’ ; -  c n- - n- n -un - ed in-
tci’r n- ,~ at ’ n - - , n- n-~~n - , I t a n - a- n-,~

, fr-n -n--n - n - n -n-n - n-

1’- -—~~~~~ - -
‘ 
— - - - .- - -, — -, ---- -— - - -- -~~~~~~-n-~~—----———---- -

~~~~~~~~~ - - -  — ‘ ,~~~ - ~~~~~~~~~ ~ . , ,~~~ n- ”~~~” — ----—- - ---— . - ~~~~~— - ~~~~ ~~~~ ,-,. ,,, ~~
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.hon-te t i - a n - I  tn - sn -n - n - n - a ,, n - - ; ien -n -e n - f ’  n -nc - on - n - n - .n - n - In - u n - I o n - n -  I n - .  a l v I n - m n - i  n-n- n-n- n - o r - n- n - , .

L t en -n - a u. tn- n-a I i n -~~’ O V ’ n - ,  h o t  n - c t , n - - -  n - - n - : i n - n - n - r n - , c - n n -  n - n - n - a I o n - n - o n - I n -  a. n-- n-- ;.’ Cc  ‘n - r n - -n-
to Co n - n - n -c-s n- tn-a n - r n -c- e f ’ f ’ c : n - t  o f  n - n - n -  I n - n - n - n - I n - I a n -n- cn - n - r , t n-’ a an -a ‘n - c  n-n- n-’ r n-’ ci - , n - -,el

, n - n - n - 5n-n- c- :-: n - .n - . ;  - n - a. ,n-’o n-. i - n -n .  . n - . n - t  ,,, ‘ , I n - ’ ,.e ‘n - n -n - n - ,n - n -n n - n - n - n - n -’ a n-n-

o n - n -t n - n - i  Ic . n - I l n - n - n - n - -  fan- ’ ‘n- n , -; n-I n - n - ’  ‘ r n - n - i n n - , n - n - - n - . t n - n-n- i n - t n - - n - - n - n - n - I n - n - a  n - a n - n- I , ’

u n- n - -un- e n - n-a n-n- -n- n- -n- n-- n-n- nm - c t n - n - ;- ’ n - n - h o n - - o  i c ’ - I s  a’ an -  n-.- c c t t n - r n - s  n - t n- n - n - n -  ‘ -n- b y

tn - n - Is it - n- n - n - n - . T n - n -~~n - n -  t n - c -  n - n - n-- n - c a n - r n -  I n - a I C n - 0 c - u .  I~ , F I n -- a n - - n- 1. 1 1: a n - e r - - - s n - e n - n -.
T n - n - I s  a-n-an - Ion n - li :’,-;: n - or- --n- ‘ n - h o c k - n - “ -~~~ n - n -a — n - n - I f - n - - c t” a n - s e : n - n -” , ’o ,,t - n - n -

c o n - n - a r - n - n -  n-~~ t n - n - i n -  - an -  ho rn - , -n- - n - , n -  I t o -n - n - ,  an - , c -bI r ’n- ‘ - n - n - n - c a i n -i n - t o e n - r Oe - n- n - s r

or_ - n - i n -mn-n-- s n-n- t o o l  n-n- n - n -  I n - n - I ’ iI n n - n - h l .  e n - h o n - n -  ,t  -‘ I n - -s. n - - n - n - n - r n - I  ‘ na. -

an -aOn -Ly sJ,s.

2.4 A Model f o r  Cost Esti m ation of Noise Control

I a n -  t he c r - n - n - - r I -n - n - an- .n- - n - c t l - ; n s  t i n - e  n - : n - s e s : n - n - , n - n n - t  at  - - r n - _ n a n - c-- I n - n - n - I n - c  ex n - ’n - ,a

n - n -a u .  i n uI n - ’ iu o , a l  n o a l n-’ n- . re i n - n - o n -  i a n - n - n -  n- ’ - o - : L n -n- - - -n - , f - n - n - I n -  a ’ . . - n-n-n a ~i m n - n - n - - n -aao  n- n - n - - r n - n - a —
s l oie  I ’o: ’ - ,

~n - n - c ’ s s i v n -- n - n - In -ac ic -- sc-rn - n - - n - n - n -  n - h o n - r n - , n - : ’ e - i. Tn - n - In - n - n - - n - n - n - l a n  n - -ill

— n - n - e li or, n - I’.- .- - n - o e n - n -  of n--n - on- n o - n - n - , t r o i  - n - n - i n - - : r -  ,- -n-- ,I n - -  ,~ n - n - n - n - n -  n-n- a n-n- n-n-

n - n - n - t n - n - u . n --n - c- u. tn - n - n-n-::tj,,n-n- n-n- n- n-a’ i t n - n - n - n -  n - i i n - r e n - n - n - .  ,. ‘n-n-n-n-n- n o n - , :  n - -s I ’ ,; hc- e ’n- nn-in-,~ n- n - n - o i  n-a
ol ‘. ,n- n- .n - n- - n - f ! ’ I. n- . n - r n - . s. a’~~~L- , n - : ’ -n -- 2 . - . n- n - . n- .: n - n - . c - ,n- e n-n- n - a c - n n - . a i  n - n - n - n - n -s

.3- - n - n -  so n - n - n - n - ’ n - -,n-n- -n - 01, t n - , c -  e n - I - n - n - n -n- ’ - 0 r n - O n - n c- c c n t r - a~ n - n - an ’ s .

n - I n - ’~~t. o n - ’ n-n - i l l , O n - a n - n - n - n - -’ _n- r n - n - __ ’ :n n - n - ,- l : , -a I ’ n - u n -~ n- . ..~~ n - c  n - , -n-h o n - u n -  a -  in- ’—
- n- - ’ , — — n - — -  - ‘ - ‘ ‘ ‘ n - ’ -

‘- .  , -i ,
~~~~

, - , ,  I. ., n - n -  - ‘ n -  - ,,n-, -  c- n- -- -, - .  , ‘ ,~~~ n- ‘ - — -~~~ n - , .  . n - -  , - -

n - n - ’ n - c r-n-n- n- n- in - ’c-n - , .- ; n - n - t u. n - n - n -  n - I n - -n- n - ,  f’ S,  ‘t n - n - ,  n - n - n -n- n- tn-n n-n- f ’ ‘s- , I p n - n -  - - -
- 1 - - n -” . :

ho ’ n- n - n - -f n - a l n - , ne an .: n - n ’- . n - n - -.n-

- n - i ’ n - n , u I ~~n-n- n - n- ’ : i n n - I I n - n - n -  n”- - a a :’c - n - , e r .to ‘an - , r n - -  n - n - -  n - r a n - - n- n - c ,  I n -  ‘ -.- : - ‘ s n  - c - n -’

:i ,,, i , n - n - -  - n - - n - n - t n - n - i  t n - n - n - n - . n , Ol52n -,o I n - n - ,  on - . n- . -n- h o n - e r  n - - n -  ho n- ’n-”i’ - n ’ ,’ l n - : .—

n - - n - n - tn - .  ‘ l i - n - c -  n- . n - i , n - ,n- ‘ - - n - n - -  1 ‘ ‘ - - - - n - n -  ~~ n - - n - - n - ‘ - n - , : ‘ i n - - ‘ , I n -’ : ‘ n- n - -  n - - n -’
.

_
n- -a O I  n - n - n -n-n-n - c- n - n - n- -; a I r - - a I n  tn-,-~- n- n - , a-

Y
—

- -~~-~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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The pur~ os- n - of ‘ i~, n - -  n - a c - l ,-n - c - n-n- r . n - r ’-_a ’. in -n - t n - n -  ~ n-n - n-n- e- I n - - n - a  :n - -rn - ’ho n-” ;~’ t n , e

typ e  an-a d qu’n-nt I’ - , n-cn - - :’ o n - - n - n - re c-n - ’ r a n - I  n - c n--n-n- i _ a n - n -’ - 0,/sn -~er--s th an -

rn-a n-’ b e o n - n - - n - n - l i e d  n-n- a- n - - n - I n - n - I n - n - ’  n - a u - -n- n-un- -on -’ c - ; - n - n - c s n - : l ’n-’- - n - - n - s c .  T h I s
incn-n-a- - - nn- n- - n - n - - n - ’ n - n --I n- t I n - n - n -  a n ’ n- n- _ c r - , ’;s l n - n -  o n - a n o n - a n - t e n - I n -’ i o n - n -  o f  n - n - - a

c o n t r o l  n - n - n - e n - s u n - c s, it~ in- n-n - n - c -  of  an -j o  l I o n - n - I o n - ,  an-a -u I a n - s t a l i n - t n - o n, n-n-n-n-a n-i t h e

expected or mn -~ea sure -u .  r n - I n - c  r - e u n - n - o m - I u , n -  p e r - f a n - - n - n -an-a -n - n - c .  a n o i se  c o n t r o l

t e c h n i 4 u n -n -s f a l l  nn -atur -a~~n - y into t n - n - n-n-’-o urn - s:

( 1)  H’- ’ -n-~~~~’ n - - - . ’ n- ”o m n - r l ,’ T h i n -  ~‘r - o - _-~ In - , c l n - -ie :  mn- n - nn - ce s sfn - n -i

n o I se  c a n - . n - n ’—n -- l t n — o n - t n - - - r n - n - n - n -n - n - n - ’ n- ’ a n - ’ - - do -n -n n- ’-eran -coi in - ;n- ‘n - n - ,ei:-
n - n -  n- ’’ - r n - n - n - r n --n- n-n-n - i-a lan- I o r’;.’ f r - - n - ’ I n - n -~, n-n- ’ I I n-a’. ‘ - n- n-n- -; n- n-~

n-n-tn-~~e -n -n - t  I n - c -  in - c - n - - n - n - n -  is lo n - I n - n -n- n -n - Il of t n - n - c -  n - n - I n - n -  n - r n - n - n - n - h o

n-- a -ar  n-~ ’-n - n - o - h a t  ha-n- bin -er , ‘-‘ n - n - ’ - es n - f n - n - Ti n -,’ o’evei re-i

m n - - .~ l e n - n - n - r i t e - i  I n - n - sin - n-n- n - b o a r - n - I  c - r a n -  I :’ s., n- n - n - n - s .  j o a n - a  n - u~~i - . an-

ti - a-n -  t ;vp e  of ’  ‘ re-011n- ~~~~ n-n - o n - n - 1 ’1 n - r a n - i  n -n - , i e n - c n -~~~n- I n - r n - n - f
n- n- ’ in-n-- n- ’ ‘ on- , - n -rn - n - h e  n - in - - n - un -’ o f ’ n-o h— n-a n- n- n -ne n - n - n -  i n - c o  ion-

n - n - n - h I - n - n - n - n - - n - i  t n - n - n - - n - i n - n - h  t m n - -  n an -  i n - n - n - n - n - I  n - a as-c n- - n - n - n - i n - - c - i  n - n a  ~i-n - ts

n - n - r n -’n - n -  n - r n - of  t i n - ’ -  i n - i t ’  t n - n - s e .

(2) an - -n - -n - -n-n- , - ; - I n - c -‘Jo ’ s - n-- C n - c - t r o h o ’  : T h I n -  n - n - rn - .n - n - I n - a n - l u - d c - n -  n - o f  n -c

c - n - n - n -’ -- c i n - n - -’-- n-n- t ’ n - -_ -rY a: nn :cc i  n - r n - o t i . n - n -r’ n - n - n - n -n-a n - I n -nra ’ .  n - n - n -n - i - n - n -n - I - n - i s

on -’  n-~n-a ’~n - n - e ~
n-
~~- n - n -~~n-~~’O i  n-n -n- n - n - n -  tn -w-, i- -’h i ’ a ’ e? n - n - -n - n -  ve t  been jn - n - ’ n - ’ ;ern -

: a - - - n - i - n - - , : ” h o  n- rn- s in - n - n -, a n - n - - i  n-n- rn - -a l - - n--n- - n- t n-n-n - : ‘,‘ n - a r - an - n-a ‘ n -- n - s o n - n - - n - -s

- n-c to n - - n - o f :

a)  - - o n - rn- ‘ ‘ 0 ho c - f r  I , ’: T n - a l a  n-’e n - . e n - ’ n - I I ; :  n ” - f ’ n-a n - ’n - On -

s ’n - r - t c - n - n-n- ‘ n - .no ’ n -n - n -r n - n - n - n - .  ‘ n- .c - a n - o i n - r~ n- ’n-~0 1r ‘ n - - - so -n - n - -ce ,
- i . e .  e n - . o I o s i n - r - - n - n -, n - n - n - n - I n - 1  tn-- n - n - n - - I n - - n - - :, : n - n - n - n - h o n - n - -n-’ , e t c .

- -  I - ’ ” l  n - n -- n - I n - c - n - :  T n - n - ’ : ‘- - n - n - c - n - - n - l l, .’ n - n - n - n- ’e - ’ n - n -  t o  ncr i n - n - e -

n - n - n - n -’ o n - ’ n - - n - n - c h I n - ,- -  n - n - a n - I n - n  - ‘ ‘ h :u n -n - ’ e n- ar -n -- n-n o n - ’  t h e

‘n - H I ’  - - n - .  n - _ I n - n - - , ‘ n - n - c - n - n - n - n - I  n-ao l - -a - n -n -n - ’ I a’ ,

‘V

- -- - -- - - -- -_- -- . . - --
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n - n - )  ~
- -o; n- ‘ ‘ ‘- ‘n - n - - c - n -  n-n-n-’ ,n - - ’ - : - n -~n - - , - :  ‘ : :n - I r - — ’n - n . -on’ - n - I l ; .’ - -

T n - rn - t n - n - ’  n - n - ’ n- ’’ n - n - m i ‘ ‘ - -n - n - ,  ‘ n- n - n - ,  i n - s n - - n - i ,

n - n - - n-- n- n- — . a n - n - -  n- n- . : l i - n - . I n - n -  n-n-- n --n - n - - ? ‘- ‘ n - n- t in - - - n - . :  ‘n - C I O n - f ’- ’n- I c

‘n - i  sur’hn - I n - :  ‘n- n-n-c - n - n - -n - n -s n - . ’ a ” ‘n- n- -c : n n - o e  : on-a r n - d n - n - h o c - n - -
n - n - -  n- fl ,‘ . ‘ ‘ n-

r e I n - n - n - -  _ n - ’:’? n-n- n - n - , O n - ’ n - n - i ’ ’ n - . .

Tb- n -- n - s n - n - e n - : s n - -, -- n - a n - n - - n - t h e n - -c n - n - c - n - s n - n - cnn - un - a , n - c i s c  c : n - t r - n - i  n -ten --
n- I n - - s  n - n - n - n  b c -  ‘ n -- n - - n - -n - n - n-n- i n - n -tn --n- on-I ’ :. n- - i-n - c c~

en n --a tI -n - n- n -n -l ,

n - n - n - f e’  -; -n -n - n -’n-n- , n - i- n-’ - - -o -ho rsn-’n-c-n- ,ts n- ’ n -tn-- n - e n - r I ’  

r n - n - -n - c - :  I n - .  n - - n - h I  n - l i  n - n -’ I r -m n - n - t n - l T n -’n - I~~n- rn -n - - t  h n - n - i n -n - ’n - . I n - n -
- n- n-n- n - c , n - n - n - n -’, a :’ n - h - n- s s , i r b a n - n - ’, c - n - e n - n -n-a ’ ‘ n - n - tI n - - n - ,—

n-n - ’  r a i n - t n - -’ n- n - n - - -~- t n--n- a- n-n- ‘n - n -a n- rn-n o -n -mn -a: n-a: n- i--n- s n - n - t n - n - -c , c o n - n

t n - 0n- n-i.n- , n - _ n- p - ’-- ” f ’  a , n - - n- ‘ n - In - n -n- n - - n- n- n-n -r ’ i ’ai -n - ic  fc- n- ‘ n - n - i n -

T i ,  ‘ I n - n - a l  — In- m -‘n -n - n--n- ’’ n- -n-’ -n - n - n - c n n-n- n- ‘ ‘ ‘ a n -  r n - ” ’ n-n- ’n-n- n o n t n - ’ ’ n - l  o n - l n - ’ n -’’n - n - - n- ’ I n- ’ - n-n-n- 

- n - n - ’ h - - n -  ‘ n - a n - t n - I n - i - n - n - n - - ic - n - .’.’ ’ 

n - - n - . ’.,  In ,  n- o n - n - n - I ’ s n - s n - , n-n- n-n- n - n - n - ’ - n -n - I a , ’’a no n - - n - ‘n - - l u  - - n- a n - a l  n- t n - n - n - o n - n -- - n - n - I n - i - n -  n - n - n - n - n -n-

b -  r n - n - t n - a - I n - n - s  rn - an - ;-: a .  I n - n - -  : n- ’ ‘al  I I  ‘ ‘ n - n - I - n - , : .  n- c n - ac - n - .’
c n - n - n - t n - - o i  n - n - n - n - I l  ‘ - ‘ I — n -n - - ; n - ’.n- y In-al-n- n-,x ,c f o r - :n - ,  a:’ -n- -ue n - - , °n -a o t r n - ’ Ion -, n - n - rn - a -ar-

n-a n n - - n - - n-n - n - n - ) ’n-n-~rn - n - ’ ’ t  n - , n-n- I n - n - n-n n- n - n - r a i n - n -  an - cs ‘ n - r l -n-- n-’.or ’t ’ ’ - I  - - n - .  a n-n-~- n - : e l  n- n - n - n - :  n - i n -

r n -n - - n - ’” n - -n - - n - n - - n - n - ’  i n - I , ’ c r  - ‘ a , - -  I - I n - -  ‘ n - n -  n - n - ’ n-n-’n - ” - n - -

f~u ’ h n - - n - ’  n- - n - a r ,  n - s o ’ ‘ n - - n - ’  : -n-n- - n - n - n - ra n - ’ - . n - n - n a ’ n - - n - o n - n -  n-n-
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The cost  - i n - t a  h o n - s e  f”n - r  t h e  n - -n - ca n-a n - , n - s n - i n - n - - -  n - a n ’ n-cl ‘n- c nn - ho -n- n- -- S n -n -n - --

n - c n - n -’_a i i-ed f n - n - n - ’ n -  n - h e  e x t - e r - l e n s -n- n- a” - Ira n-n- n-i ‘ n - n - n - ’ , n-- i n - n - n - n - l I  o ’: l , r , n - .  n - n - n-’

vani~~t I T i t’ .’ due to  th e nn - n - t h o - n - a  of In - st aLIn -tI n - rn - (n - n - sI n - ,~ :;n-vy persc’rn-nei ,

o i v l l i n n - n - n  I ln - ’ ’ I n -  s h I n - ’ n -- n- n - - r l  n - e n - s a n - i n - c - n -  a n - -  c - _ a n - n - n -  a n - n - - n - n - ”-n- - n - O r ’an -n- ) n-- n-n- ’,’ b e

e’.n - a l n -n - a n - c-- n-i san -n-i h-c ‘n-n- c n - n - a n- ‘ n - - a t  of  s ’ ‘n - n - I n - n -  ‘ n- n-n-n- i Or - -n-- ’n - ” n - - n - n -t I” n - n - n - n  n - - n - -n -  n-ia’ e.

T’n - su c h  e x n - n - e n - ’T e n - , o e  n-n- -n- ’ n- n - t n- n- f ’ - ,- r  ‘ i-ac -n - -u rn - c a- n- ‘, u n - n - l r ,o se c c - n - .  on - n - I n - s i n - s o c

these ha-,-e n-a -n- ’ be en - . n - n -  n -- ,, n- n - n n - n - ,t c - n - a  urn - I ’ aa ’’’ ’ :e n - n - ’e l :  n- n- n - n - i  n - b c n--a n- ’ of

ha n -ho n-an -a-- - , i ’ n - ier n - n - an - an - n - t In - n , n - n - n- ~ ‘- I r n - t - n - n - , n - ra n - - c n-n- :’. n - a n - - o e s n -  n - n - n - - I  n-n- be  n - n - I ’,’
a f i r s t  o n - i a n -a’ n-n - -n t  ‘ ‘ n - n - c - .  li t  I s  r’e - n - - s n - n n - - n - n - ’ i’n-’ n-n- ‘ n- - s h I n -  n - n -n - n- - n-i es’ In--n- ’n-ca’n-

be n-ase~~~for~~n- n-~:nn- n- I rn- s(n- an-,n-a n-n-n- , a, n- n - n - n - n - n -~n - l ae n - n - a ,n-, n- i-’, n-ce n -n - n - n - c n - e

n-u n- rn - - e s  ,n- n - n - - n-sl

n -n -c n - n - rn - sn -  of  n - n - -n -hose  cc -ra ’n - - o n -  i’ n- ’ n - i  b a n - s e  n - n - ; ;  n-s-n- n - -n - b a n -  n - n - a c :  I a  a m — l y e  at

t he  ‘ o n - a l  n - a - - sn -  of ’ n - n - i - ne n - - n - . t r - _ al f o r ’  - n - a - n - i -  ; “ sn - a - ’ ‘n - n - n - n- n -he oh -n - s
b ase - n - on - a ‘ h o n - r n - - i n - n - n - -  n-’ - n - dn -n - r t ’ - - ’n- n- - - -n- - _n u i r ’ a - r ’n-n- r , n_ : of a n - r n - n - n - e l f i n -  n - n - n - a n n - n - n - n - i .
T i t a n -  n- rn--n - c - j a n - ’-- n - n - n - n - r n - - n -n- tn - a ’ n- n - , ’ -  -J a’’ e i - n -  n-’ -’n- n- on -’ a n - _ a ” n - n - n - r -  of ’ n -n -n -n-
ho ’oi-i -n -n - — o f ’f ’  n i rn - alyn - nen-; ; the n-so n - n - - n- n- - I n - n - n - r , n -  b c - i n - n - i” :

( 1) T i - - -  - i - - t - - ’ - n - ’  I n - - :  ‘ n- o n - ?  n - i n -  n o n - n - c l _ a n - c  n-n- ’ , : n c - I n - n - t i n - c -  n -o n -n -n-
a’ - n - n - n - r n -  1 n - - - n - , n - c - i - e t n - n - n - n - n -~n - n - n -  ‘ n - - c  “ u n - c -  rn- -n- n- n--no n - n - n - n - a - I  - : n - .

Fcn- ’ exa’n- T n-n-n- , h-n - — ’ on - _ n - ’ - ho’ n- n -I t I n - n - n - .  n - -n - n - - n - I ’  h b n - ’ € - n - ’ n - - n - , t

On- n--, ,n - ’ n- n - ,n- , n - n - n - n - ’ - i  n- n - n - ,~ n- _ i - n -n- t n - n -’’’c- n -n --n - - r, ’ n - l  n- on - n - on - n-~ - n - i-- n - ’n- ’ r , -’
tt c n-, n- on-~~

ia n - _ ’ii ( , n - ’ - ’ n-,~i a n_ i n- n - n -  - ‘~- n-r~~”n - ’ ’ r ’I ’n - m n - n-.

(2) Tt,n- n-cs ’ — n - - ’ n - , e n -’i’ n- n- n - n - i n - -n-ho : - n - f ’  ind ’ ’;I on - n - n - I r , I n - n - n -  n - n - n - n - , O n - ’ c l n - n -
n - an- n - r n-- t n - n - -  r. - z - l n - a ’n- n-n-: i ’ ’i ’Liaa _ n - n - In- , -n - n - n - -n- f ’ ’- n - , n - a n-n-- n - n - n-n- n-n-
n - ” n - : a i ’  u I  n - t n - n -  ‘‘ a 1 - n  n - n - n - I _ n ,  a- ” a - s n - n - n - -s- I n- , --~ ’ r n-n--

as s- n-n- n-n- n - n - i - n - .  ‘ a n -  
~
y-

n- n- “n- e n -  
~~~

n - n -  n - n - ,  ‘ n- n - n - s n- n-, n n- ’ ’ n -~~~~

Tr , -n- n-~a n - ,,, vn -.n- - o n - n - . a l y n - n - I :  n-say h- used  to  u n - a v e l o p  I - u _ a~~c -n - a n-I ; c - s f  n - n - a’ s Ic - n-

n -p p r n - ,p i ’ i a t i n - i  r’ -n - n - q u - - s n - n-a a n - r n - - I  lao n - n - n - i _ an - In - , n - e n - l i ,  I n - n -  tn -acn -e n - n - n - n - Se n-n-~~n- ’

W r n - i - n - h  are n - . n - _ a n  .:- , t I c a i  n- n - - n - sn - .  n - a c  ,,. t a n - n - n - n - n - - l i n - n -  n - n -’ n-n - n - - n -’ ‘ ‘n- n- a n - n - r n - n - n -

_ ‘:‘‘_ _

-

~

-- ~~~~-—-—-~~-~~~~
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- R e p o r t  No .  3 4 1 0  B o l t  B e r a n e k  and Ne wman I n c .

3 . 2  S h i p s  0 p e r a t i _aj_j~~~~~

The o r - c - r n - a t  i - n - n - a  o f n-n - i n - 5 ’  n - -n - n - cl-n-asses of’ n-n-h I n- n- n - s t u n - n - c -  s- - n - n - n -  d I n - - I - i n -- i i n t o

erlois of’ n - n - in - c -  n - -n - t n - l o b n - n - n - - n - -n - -  b o t h  a -n-n- o n - _ a n - l a  I o n - s i - I n - i  d l  n - n -n- e n--n-- -n - ’. n - n - n - n - ,

n - ir an - b i n - n - f’r-_):n-, t h e  s h I n - n -s log .  T b _ - n - n - n - n - h o a r ’  d in - hon - icr , en -’ t i n - - n - - s - s h i c h
- 

‘ s- n - n -  i s n - f i e n - ;  bo ’ i- , -a r - t e n - b r ian - n-ho n - ’ , n - I n - — n-- n - n - — n  c - n - ’ ’ n- n- r -, n - j  - n - n -n- n - e n - - sn - ,’ . i n - n - - n - s e

n-n-c-ic-s - n - n - ’ - -- f - n- n-n -n - in - - n -n - - d in - I I - n - t o  s ’ n - rn -— ’n-- . a - n - s  i - - -n - n - : - : on - , ‘he s h i n - ’ :
n - - . on- - ’l- , I : n - - n -r ’ , i n - n - n - — n - n  n - n - n - n -  rn - n - n - n - n - r n - e n - s  c o n - n - i l ’  i n -n-n - ri a -  n - r n - I - n - - n - n - - n - n - i  I n -

i-n- I o ’ n - n - e  .1

3 . 2 . 1  I n - P o r t  O p e r a t i n g  S u b - M o d e s

r I h n - n -  n - t i m  n -n - a t i n - n - - n - s  ( T o n a l ’  I - n - - r n - 0n- r n-n- : n n - n - n - r , o r n - n - a - n - a n -  n - n - I n - n -h n -he I n—:  -o n-n-.

n-n - n - h l n - -’ n - n - n -  n - r n - n - t i n t :  n - n - n - - - l e .  Th-  i n - — n -  n - a’-. m n - i n - n -  n-n- n - n -  — n - i ’ -,’i i c - : n - ’ : -’, n- - , - - n - r

oln -— I t o r n -  a n - .  on - un - -n -  i l l - a n - ’ ;  s t e n - n - n - n - i n - g .  I n - n - s  :n - n - b — cI I - ; i sn -I n- ar , is n - n - s  n- , ,oh a

r a i n - c  r e i n - a t - - i i f n - ’ -o r ’en -r c e  n - n - n -sI t- is a n-s n - n - i l  d n - c f ’ I n - n - - n - i  ‘- c hl n - - ~y In- r n - - - —
-n-n- n - i  f n - - n - - r -  - n - n - n - n e .  i-n-a r t i n -  T”F 1-352 cl - n - n - na n - n -, ‘n-he ‘ro ll - - n- - n- n- In - h o n - n - c - n-san-n- —

qu l n- ’ - n - - n -  ~~~~~~~ - n - t m - n - i f -  i f : - ’n-: an- r’,n-n- I ra  n - i n - c -  f i r - n -  s - n - -n - I n - n - n - n - -rn - n- n-n-h’s tn-rho -—
g e n e n - - - n - t o r n - n -  i n - n -  the an -n -n - I .l i a ry  m n -n -n -ac h i oem-’ n - - n - - a  n-n a r -a  n - n - n - r n - n - n -  in - , ’ a’cr-

a u x i l i ar y  n - - - ’- n - - : - - n - - , For I ho If 9 ’. 3 clan- :, - -n -i -n-n-- n-n- ’ mn - n - ’n- n’ an - - “n-n - s ‘ un - n - L I n -c

n- ’ - r a ’ - n - ’ n - a t c r ’s -n -rn - - on l i n - - - -  fc- r a un - n - .i 11 n - - n - - ; /  n- on - - n - - - : - , b - n - h o  n - n - n - -’- no t  n - n - - n - c e :  s n - r n - ’
i f ’  n - h o n - i ’s r a n - a - n - n  n-n- n - v _ a l  i n - a b l e .

The co i  I — i r o n  s u b — n- - n - c  I n - n -  f - n - r t h n - n -r- — t i n - i - i c  i n - l a -’- r n - - n- ’, ,,: of ‘ i n - .

wh e n  t r a -  en - e r ’  ‘n -n a y  t i c - n - n - e l  ;‘- :n - -r a t o r  I n  -On - n - n - a ’  o f f .  on - a n -n -n - n - n - - r n -  n - I n - ’

n-n - j r — n - n -  n- n - r n - . T hu  j ’ e s n - n - n - l —- ’ - n - n -er ’ ”sn- r — - n- rn - n -h- n - s t e  n - n - n - r n - i n -  n-’n- ’n- th i n - — n -  -or ’ ’

or a n - n - n a t i o n , e n - - n - n  th ou- -h It al an-no n - n - n - nc - n - - rn - n - a n - n - n - e n - - n - s . .  In-I : s n -n -n - c

f . m  can v ’n -- n!- ;n ce n - a n - - i  i - n - -n -s n-n- - -  n - - f t -n - -c t  or, n - i-- n - -  n - - - ,: n - I n - , :  of ’ - t i n  - n - n - - n - s i;,’ .

i--’ I r n - ’ n- I i n - ’ , t b - n-’ hon- 9n - I~~ n - n - n - n - a r —- n- n-n - li d i n - - a - - i n -’ n- n - r - -_ - sr - n-a ll n-n- rn- i n - i n - -n-- n-n- n -n - i-n -io n -n-

n - s - - n - n - i . I ’ h n - n - - f o a ’ a - , ‘n - h -  - n - a l a  i n - n - n - - n - n -  n - n - n - l n -n-— n - n - n - n - - i r n - -  n -n-n-~~n- m n - - a n - - n - i l v I  i -  i

for ’ ‘- h n t t ‘n - la n - n - n - .

I~ 
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R eport 3410 Bolt Ber an e~ an d N ewman Inc.

3.2 .2 Underway Sub-Modes

h- n - - ‘n -h e  ‘ a n - ,  i n - n - a - -n- nay , n - n - - a h — n - n ._ i c - n - , r n - n -  ‘a I n - ’ fec - -n - -n - n - l ’ sn -f.s i c-rn- in - n - n - n - n -i n - -  n - en - n - ’ :n-n - -n-n- n-n-

:ea ce tl n -n -n -n - cn - ’n - n - i smn - ,d ( n - n d i n - I o n -  h- ’) an-n- i n - - s n - r n - I n - n -n-a ,n-- n - n - n - n - n - n -I n - m n - ( i I o n - n --n- t h - n - ,

I l i)  L ’ -n- - c -’ n -~~~S n-n- n - n - ,- n -  n - 4 n -;; as n - n - ’ n-n - ’ n - , n- n - , n - n - n-’ , n - n - n -  are e n - n - s -n - n - sn - I-all ,;’ t i - n - c  s n - n - n - c -

er- n-n-n- n- rn - n -- n - a ’  Ia n-~ i- n - n - n - s c r n - s a n - s_ . Fn -r  : i n -  a c - p c - a n - c -  of in - ea r l - n-n- i n - n - n -n - ge n - n - i n - n -:

~~‘n-’n - i - n -- n - t l o . n - , ,  ‘sn aI n - I-o. n - , h- rn-n-, -n- r,’ora l :, a n - ’t an -r s , I.: n- I n - n - ’n - n - gn - n - n - n -- n - - n-i r n - - n - n - n - s e

ta n - c sn - n - n -n - l i  a’n - ’ a - n - n - a I o n - n -  o n -’ n - I .e a e a ’n - n -in- e n-I n - n - rn - n- - n -  n - h an -  rn-~ a - n - .

i n - n - c - n - n - n - s - n -  r- € n - j ’i n - -,n - _ a  n - n - , — , n - s n- f”n - , n -  n - s  h o n - s l : , s  n-n - n - n - -n- n - n - s e n - i  n - sn - I ;;

n-n-n- t n - e n -  f - _ a - ’ ‘,- s ,c  fn - I j n -n- ’,-, !n- ,n - s-ea sn-r~::

1. ‘n- n-~~~’- n-, n - n -~~~C n -  n - n - in - On - , in - .- n- n- ’Y I I c s c - — n - ,~ n - n - , , n - a  an - es  ,i, n-s i n - n - n -’ n - c - I n - c - n - n - n - _ n - c - - T i

n - n -n- a en rn -c - n-a

2 .  ‘i n - n - n -  a n - - n - i i i n - n -n -n - ’n - ’ n - n - n -a - _ a s n - m r , n- -r’;; I L I n - n - n -, —~~n-n-s n- a s ’-~ n - n - f., a ’n-- f ’ I n - . an-n -ho ;; , i a - :’ - nn - ’en - , o

n-n- or a n - n - ; ;  o n - n -- n c -  .1 _ a - s r I b  t ar ’ .

3. T n -n - n -n - -n - ’-; n-n - I i a n - i c -  n - n - n - t a  n - r n - n - n - n - rn - t e r n - n - n-s c - f ’  n - a -san - - a n - r n - -c- -i .

In - n - o r - n - -n- a’ t o .  - c l - d c- n-n -n - n-n- rn-n- n- n-n-s e n - sun - n -’ e n - -  of n - I n - n - n -n- r e n t  sn-n-n-- c- La n - n - n - n - n- -n-- : ‘ n-n-n-

-n- in -n - n- I n - s c -  a_ a , u — n - n - ,- n - _ a -n-n-- , It. In -  n - n - e n - n - e n - s n - _ a r’ to. kn-- n - -’- I- n - a -_ ac- n - n - n - n - ,- i en - n - -n-n- e of ’

, n -~~t se on -n - n- n-. ~n- e a .  ‘n - - n - n- n - ’a n - -:’ n - .-- -sn ,, an - n-s , i,0 , i l j  n-n- I n--’e Fl” 1352 en - n - n - In - s e n- :-n -n--n-

a n - n - i  n- I r e  r n - - s n - n - rn - n - .  I n - C  i c - n - - n - I n -  in  i n - n - n - n - n - n -n - n - n - a n - n c :  -, I- 3 , Ln- n - n - n - , i  2 . -I n-- n - r n - - : - n -n - n - n - ,

re:2 - s n - n - t i ; n - n - n - i ; n -. l i - a c - n - c  - n - i n - n - t n -  an - -n- i - n - 1 ’-sn -s ’ thn - Y -n-- i I ,, F I g _ a n -- c - s n - 3 .2 n - n - n - , i 3.3.

For t n - - n -  a, , n - n - s  -n -S c -n -  n - n - :’ ‘ l.a n - - n - -i a ’,’ ‘ n - , - ., L ’ r - a , ,s n - n - c  - n - n - n - n - a l In - n -tn - ->- a n - l a n -, n-a n - gm - c - -g a ’ -
-
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Report No. 3 4 1 0  B o l t  B e r a n e k  and N ewman I n c .

15 knots are _ a h ’ n - r ’ n - c n - e n - b  sn -  1 n -  a l l y  s — n - n - a l l .  i n - o n - n - e v e n -, ‘- he cn i ce  to

consider the-n -n - n - n - n - n - n - n - ’om’ n- iy i n - n - s n - e n - i  o n - ’ , ‘rc --up in n -  n - n - n - a n -  n - n f i u e r n --n- - a n- t ’.- ; .

o t h e r  f n - n - o t o r ’ n - n -~ n - t n - c -  av n -n -n - b 1-n - a j I l t , ’ of - I - i t  a n -nd  t i n - n - :  n- a n -  - n - n - n- I n - ,

eon -c-h sp n -n - c- 1 a n - n - n - n - n -  F in - tn - .  of  ‘hn - n - - n - n -e n- n- o n - o n - - . n-n - n - r e  n - I  n - n - -a  n-n- Sn- n-n- c- n-n- n-n -n - n- ‘n-~~’O t t n - n -~~’

in - n- rn- n - L n - c - _ a n - c - n - t  Sn-s - n - t i  n - n - n - n - n - o f  n - i n - I n -  re n - n- n-~n- n-~

b -n - n - t b  r ’ -n - c - n - a r L- c n - ,  so n - n - a n - ’ n -~~l n-Yn- n-’ ’.’ n-’ , ’n- -s n- n i r , - n - r v n - - n - n -  , t.n , - n -  s n - n - -n - n - I  I n -  n - n -  n-a’flO-n-

was not  n - n - 1 -’n - n - i f i -’n- -an’n- m a i n - i n- n -”n - a n - r e c  n - c -  th e  on - n -n - n -- hoa r  n - f ’ -’ i n - ,  t n - n - - n -  s i - n-n - .

H o n - -n - ever , ‘n - h e  I n - a l a n -  -n-c-a - -n - n - on - n - i i a n - ic - Ic r  e n - o n - n -  ch — n - sn er, n- n - c-c is

we r e t n - n - -n- n- - - t  n - n - n -n-n -n - n- n - n - r ’n- ’- e in- ’  n-- n--, hon - in - i  n - a  iIin - stn -n-n- n-n- e ‘n-h ’n - \n- r - e ’’ ,’ o’~
nan-a n - n - s un - c - n - n -c- n-n- tn- n- -n - ’ - - cc- 1 n - c - n - .a - n - n - e d  a :  i 1 f f - n -  n - - c - n - n -’. o r - n - n - r n -  In- n - I  - n - a n - .

exposure  c n - I ’~~~ n- an - I n - n - n-a - n - n - n- - n - - n - ] - _ a-n-n- I - F c - n  o n -  n a n - n- n-n- c co n - n - ro Ta n - o r- n - t en - e n -,

the u r n - i - n - a ’ s - s ’ n - ; .’ t n - a n - n -  “ n- n - ’ n-i - _ a x I J  I n - n - n - ’ ;  n - n - n - ’n - In - n -n -lrn - ’n - ’n - ’t ’ ro n -n -, 1 a n - - n -  n - i l  rn- n - n - n - r n - -e n - i

an -n - i n - r n - n - a t e - i  -n -s a c s - n - - n - n - n - n - n - . s n - b—n - . i - n - .  I n - I n - n -c I n  ‘ n- - n - n - n - b n - i n - ar’’; n - n - n - n - -n -~h I n - n - e r y

n - na- _ an - n - . 2 c - r n - the i-’i-’ 1052 n- -n - I n - n - n - - n - n - n - n - i - n - n - n -’ a r - n - b -1 ; ;  o n - n -  n - - n - h n - - n - n - ,n -n -r t in --n - - - n - I n - n - e l

g n - r a e r a n - - n - n - ’  IS On-, o n - -  n - I n -’ n-n - n - . a  n - a  -n- l e n - n - s c - n -  a - - n -’ - n - n - ,  n - - : in - - - in - en - -  ‘ h e  n- ,, n n - ,~ S

ann -I a i r ’  c ” n - s ,  i I n - i n - r n - t n - n - -’ n- - c - n - n - r ’ c - s n - n -,n- -n-_ - r ’  an- n- n- c- n-n -a a a — i I r n - -n-n -- . ~‘ n- n - n - n - n - n - -- - n - n - -  n - n - ee l

iepen in -n-nn- n - - n -i — n - n -  - i- n - n - n - -  - - n - - - - n - n - on - app i  I n - n - n -~ In - n -n - .

3 . 2 . 3  M a c h i n e r y  L i n e - U p s  fo r  O p e r a t i o n ~~1 Modes

The ‘n - n - ’-~~r - - - a a h  i n - _ a c - - I n - n - ,  t i n - i n -  n-n-ho n - n - i n -  h- n - n - s  an- ’n - asn - - n - ’ n-n- r’ e n - n - h  c - n - n - n-n- n - n - n-

n - n - n - n - n - ’ } n - i n - - ;n --y i n - I n n-n-’ — , n- n - n -n - a t n - n - o s - n - e r  n - n - e n - l a  i n - n - ’ n- n - - :  n- n- n - n - n -n - n - n - , ,e n-n- I n n - n -n - - n - b

n-co I c - .

‘ n- n - n- n- n- an - i -- r o a c h  V -s -a s I n s t i t u t e  i o c - n - c n -n- n - n - r n -  O n - ’ n - n - -n- n- - n - -n-n- s i n - - c -  n -- c - - -  :1 in- n- n-

t n - - - r n -ee i:  I n - -  n - n d / - n - n -  t b - -  b c - a n - e n - h o t -n- n - ’ - n- n - n - n - 7 n - o  1’ , -‘ n- ’ n- - n - - n- , n - n -n - -n-- o n - n - n -’ n-n - -n-n- I

* In-he u n - n - n-n- o f  t n - r , - n - t n a ’sn - n - n -, a  c o n - c - l a n - t n - n - a n -  n - a  j u n - n - ’ i n - ’,’ n-’, n -n - n - n -- l n -~ ’ ’ I n - ”,

of - - p ’- ra ’  I - - rn-n- ] n- - i - - s n - -  i- in - n - ’ : - n-n- t h a n -  n - n - n - n -  ln - a - n - - a’,ho’;e n - r~~cn -  a - a r - - n-

v-n-n - n n - - ce . n o n - a r y  ‘ n- n - n - - i  -n- n-i n- n - n - n - n - - n c - - n -  I n - n -  r n - - n- rn - ’,’ n - an - n - c - c -’ . ’ o n - ’ n- ’n - , I , n -  n - n - .

i

~
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Report No. 3410 Bolt Berane k and Newman Inc.

t r c - a t n - n - n - e r a t u  for  i n d i v i n - u n - i l  e q u l n - r n - r n -  i t e m s . A n - r - l i c  t b o n  of n - t n - i s

r-roce iur’c- as originally e n v i s i - s a r n - a e d  a-.n - a s b o t h  in -n -n-~n - - ar ’n - c t i c a l  n - n . i  c - u r n - c - n-

p r o d u c t i v e  fo r  ‘n - h e  f a l l - - w i n - - reaso n-n-sn-

1. T h n - n- “rn -c-sinai ” r achinery Tn- I n - n - -n- - u n - - n - n - -  n - r n - n - n -’ ,-;ell - n - I c - f i n e d  rm n - , i

n -L n va r ien t  for  c o i n - i  I n - - n-n - n- , an -a x I. I i ary  S t e - n - n - n - I n n - b, rn -n - rn- c~en- of

un - n - terway s r- c -n - _ as , an-n-i certain s n - n - c c - I n - i  s i n - u n - n - I -cn n- , i . e .

t i n - c -  se l e c te d  o p e rat i o n al  n - - s - l e n - .

2. The n- n- n - r i -n - n - t i n - n - sn-; f r - _ a m n - n - - n - n - i  n - n - a l  n - a n - a c i n - i n e r y  l i n e-u s  n-n- n - n - n - n -  virtually

i n - n - f i n i t e  in n u m b e r , b u n -  w i th  l i t t l e  effect on the noise

l e v e l s .  For example , the tn -n -c - ed —draft i n - - ’n -n - en - n -I n - ,n- n - , c - r n, on

the  FP 1052 is und n -n - - r- au t om n - a n - n - t i c  c a r t  rol  a n - i  n - h e  bl - --wers

churn-re sn -n - ce-is frc iuen n-n-ly. fin -n -iln -r- ii y , t n - - n - - n - of t h r e e  turbi ne

gener ’ n-i n-n - o r- s in a n - u x i l i a r y  r n - n - n - c t s i n e r y  r o n - n - ,  I an - - c  u s u a l l y  on—

l i ne , bn - n - t  t he  load in -  f r e q u e n t l y  si-, b  I n - -n - i a n - - s n - n - n - i  l ay  n - h e

e n g i n - n - e e r ’i rn-~n- oI ’f i ’-er

The noan -a t rn - a l  a n - n - n-i a a n - Inn - e n - - y  l I t - cu p s  f o r  the  Pb ” I 0~~2 er n - , ’ Ineer ’ i rn- g sp acer
as a f u n - n - c t  ion of - n - n - - c - r a n - i r a’ sub— r n - na -i n a r -n - -  n - n - n - e n - o n - t e d  In  Tn - la i n - n - -: ~ . I

t h r o u n - Th 3 .3 . The n - n - an - ch h - e n - v  1 i n c - u n - - : ;  f - n - -  n - h e  DD ~4 3 n - n - a c - c - s n -  a r -n -

p r e n - e n t e n -  in T n - n - F - l e a n -  3 .~ 1 t n - a n - a u -h 3 . 4 .  1, -n - c t h a t  t i n - c -  n - n - d c - s t  n - n - ,

of t h e  r - -ar n- n - i c u i - -n - r ’  - n - n i t  I n  a n -c t  -I s  a n - t i n - n - - n - n - n - - n - ’. I n - .  f a c ’  , n- in -n -n-

e r - n - n e - n - n - I n - ag o f f i - n - n - e r  n - - n - I l l  t a r t  t , c- s h i f t  n - tn - a - loa n- ‘an - - n -n d n-n- ‘ n - n -

to  e q u a l i ,n - e  n - t n - n- n - i n - ce - n - n - n - — l i n e .

Th a n - s n - n- I n - L i e n -  3 . 1 ‘n - h r - n -  n- T I n- 3.6 al a n -n- g i v -  • In- san - e n - u n -  “ ‘ - n - n -  s a n - n -n - f ”  r n- m - n - -n - r

a n - n - - i  n - - n - t a n -  i ona l  an - c, - n - -n- for n- c - f - - r n - n - n - n - c e  an -n -i n - o r  n - - n - b s - : - n - : ac - - n ’ n - n - - In - -c -

i lar ’n -n - si -s

-—
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n - ’- n - I n - n -e - n - f ‘n - t a l c -  - i e n - - ” c - ’ i n - ’n - r -  i n - n -  i n - n - - I n - - - - n- n - s  n - n - - v a i n - n - ’  n - n - n -’ n -n - I n - C  -n-- o n-n- t n-- c - I
S ’- r - n - n - n -t n - n - n - n - l a - n -n-n- a- -n - c - n - i n --i -n - -n in - a - c  1rn- n - , n - n - - t ’ n -r n - u - ’ o n - ’ e n - c - i

‘In- h e C a - n - t a - t I c - - n - a l  t I n - n - - n - n -  c - n - - e n - n -’, n - n -  i a _ n - r n-n-: n-n- ’. ’ ‘n - r n - I n - n - n - - n - o n - - n -, n- n - n - n - ‘- he n- n - - e n -n - k —

n - n - c - n - n - n -  U n- n- s u t~~rn - ao~ -a n - - n - n - n - S  o t t ’  I n - n - c - -n- n - f r - n- - n - , t n-n -; ~~~~~~~~~~ ~ )“ , n - T i C - n - t c -  ~~l2 , l 3 I ~
n - a ,  n- t h e  - n - n - n -n - o n - h  I n- n- of ’ -n-n- n-n - n - i  n- n - - I c  -

- - ; n - , I  , II’tte n - -  c- n - n - i t  n - n - - c - h  ‘ - - n - ,
i r a  ~n - i~~; _ n - s - n- _ ’ 3 .5 an--n- r e r n - a n - -n - , ’n - :  1V n- n- n-

n - n - .  n - 5 a n -~ c - - a n - - ’ -n- -n - ’  I n - n - n- ” ‘- I ’ J , e ~ - t h a n- n- n -h -n -
C i n - S c -  In -  t n - -’:n-n- o nn- s_ -s u ,- n - c - - n - n - i ’n - i n -  

- 
n - i n - n - n -  c - n - , I n- n - n - - n - n - ’  n- n-

~ n- n-n- n- -n- ce rn - ‘n - c - s
a n -n-’ e ’r - ’n- ’I a n - tn - n - ’ y

P-n - c un - ’, n -n - ’- n-- n- n - -  _ s :, ie  i a n - a  ,- n-
- 1 - n- rn-n- c on - n - n - n - ± l e n - n -  n - c - I n - n -  t L - ~n- n - a .  9 n -~~ c l — c - s  . -n- s- ;n -n ’ e n - n - ,

‘ n - n - - a r - n -n - I n -  n - n - n - e v i - n - a c n - r n - e - c  n - t n - i t  n - n - n - n - n c - - n -, - ,’ a - r n - n - n -- r o n -n- en - n -  i’ n - t n ,-n - ’  c-- I - n - n - c -  ‘ - :111 Le
n -n - n- rn- -c -n - i n - n - ic - hi-n-’ n - n - I n - n - I - n -  or lea- c- t i n - n - n -rn- n-

~~ rI n-
~ ~ - a n - n - . , n - a .  n-

n- rn- r- n-n - i’a - r ’ c

n - n - n - h e  a - e n - S u m -- s n -h on --n -n n - , ‘n -
~~

-n- n - -- n- n- c- , 5 - -  I i  tn-~~, a _ n - c - -n - - n- n-’- a-- t i - n -  rn- n-’ n- n - - n -

C 1 ‘n - n - n - ; .

- _ _  _ _ _
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‘ Report to. 3410 Bolt n- er a nek an~ 
n -I e- ,-in an I n c.

3 . 3  ‘ P n - n - - - I h e  P e.r s o n r n - e~ 1-, s s n -  n- c n n- 
~i~~~c-~~n- -~asc ’

3.3.1 ~i a ck n rou n -n - i

n n -’n - n - - j ’ n- ’ ~n - , t ’ e  , ‘ n- n- n-i n - ’~ ’n -i , ’.OO n - n -- n - - - ” ’  ‘ ‘ ~~ n- ’ ” n - n - ’ n- 
- ‘ ‘ n- n - on -n - c -  n-- n- n- n - n -’n-

n -r, n - i n - - n - ’’ ’ -n - k n - :  ‘ j  Ico n-n - n- - n - i n - c  ~- n - n - n - - ’ n-’ fn-n- n-’ -~~
’ n - , a n- n-~ - . , n - s n --n- ” , -i :.’ :n-

a- an- - n- - - n - n - -n - n - n - t n - : . ‘n- , - n- n- n- n- n - - ‘, n - c - - n- -‘n- f ’  
~~ , n- an-sn- ,

- - s- - n - - - ‘ ‘ n - n - n - - i n - n -  n- ’ r-n’n - r - n - n - s n - e n - ’~ n - r. n- -’ s  - n - -n - ’ n-n-an- ~ n- n- ’ n - i n- ’sU- in - ’ , , n - ’ I n - ,n-n-n - tn-— n - ’ _

i r n - - s : a - n - ” ' n - : , 1 . -n- , n - n - n - n - n- ‘n- - n - n -  n - n - n - , -  “ n - n - n- ’n- ’.n- c-h c - n - n - -’ 1 - n - .  n - n - n - n - ’. I~ n - .

n - n - - I n - ’ ’ n -  n - k , I ’ - ’ ’ n - ’ n-’ ~ ‘ n- -:’ ’ ’’n- - n- ’--’-- - ’ n- n- n n - I ’ , “ n - n - n -  - c - , ’
•
~ . n - , .’ n - ’n -_ sS

n - -  n - n - r ,— I ’  -n- I n - n - i n -c:, - c - n -  n- n - -
n- I a n - - n- ’ ‘ n- . n - .  -n , - -:1 ’ c a n - c c - n - i n - a -  ‘n - n -

e n - - n - n - e : s a i v ’  s n - I s - c  fn- ’ a- -n-_ s ‘n - n - n - t n -n - h  rn- ’ n-n-,-ien -- . ‘lIen-a- - aLl-a- n--a -Ic ’,: n- ’,n - ’- I l r, n-an- c-

n- n-
~
- n - n -  ~ i anern - L oEn - ’

~~.

F - n - a - ’ i I r, n - - s n -  ‘n-I ’n - r n -. n - n - t t I r n - sn-’, 
— 
a’n- -n-h , t ea - n -- I- n-n-i a-

C n -V n-n- ’ n-
n- ( p n - n - ’ n - ; n - j  ~~~~~~~~~~~~~~~~~~~~~ n- n - t n - n - n~~~~l ‘ .

f -n - ’ . i ’ n - I  n- n - ,  n- ~~~-, n - ’ 1’ - - - ‘ 
- - - ‘ n -

~~~~~~~
- -

- n- n - s n - n - +’ ’ - n - n- ( ‘,n - n-n- - n - ’ n - ’ ”~- ,-
~~~~~~

‘ ‘ n- n-n-n- “ - ‘n-h tn - n -  ‘n-
n-n - n - ’

c m — n - s - i :  1 : ,  ‘ n -  n-’ / 
- 

)n - ,~, 
‘ I n - n -  : 1

i n - i ,  I- n - n - n - - n -  ‘ a. ’ : ‘ h i_ s
n- ‘

‘ n -n - n - - n - n - n - n- ’ - - - , n - -  n -,i n- ’ n- i

‘n - en - V .i.

[r , ’ ’, i - n - n - , : ’, 7-~ n - ’  ,. 1 ’  - - o n -   n - - n- - ‘ - n - h ,  n - n -_ s , , .  n- n-n-

r’. e n - ’ I  n - a n - ’ ’ ’ ‘ n - n - ’  o - , . n  - n- i”. n -  - : ‘ O ’~~~ n- -, ‘ n- n - n - —

c - n - n -  ‘, ‘
~~~

n - ; - 
- - 

‘ - ‘
~~~~

- 
— 

‘ ‘ “ ‘“ - ‘ c - -  ‘ ‘ n - n - n -  n - - . —‘

-;

IlL—  
- -‘--——‘ —‘—n-—n--’ - - ’ - - - ’- ’ -- .---——‘— - ‘.- 

~
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R e p o r t  No .  3 4 1 0  B c - l t  B e r a n e k  and  N ewman I n c .

I n  a _ n - I n - i t  Is t n - n - n - n -  n-- n - n - n - n -  I n c  ro n - n - rn - n - .  fo r  I D  9 6 3 c l ass  n - n - n - I n -  s .  ln-Yn- n-- l~
n-

‘, ,-s L’or ’rn - ’n -t ion s u n - - n- - lieu to ED :; d e c - i c -n a n - -n- -n - - n-n - he n - c  c - n - n -a -en - an -  5e n-n- f
un r n - an rn - n - n -- . .0 i f l 7 u n - t  I~ -at io n - n -s r e v e a l— S  t n - n - a t  ti-n- n- on-n -n - n - n - n -n -n - -i ’

n - n - n -n - c -n-c- ‘-an - in f-act ref’-n- s-~rn-i n n -r to n - n - t a - h  s ta t  I c - n - n - S  , n-sot n-n- n-_ s r-mn -n - I

a - n - n --n - ’.-: ‘-zonk n - a n - s i c - n - n - n - n -n - - n - n - n - s .  In f a c t , ‘ n - a t  a - n - s  -an - ac - L” n - n - n - ,c - n t n -n- ar- -n- n - n -  Ic
I n - , n - he n - -n - ,Cine ron-rn -n-c n-n- t h e  pres c-rn- t n- I-rn -c. C i e n - r l~~, a c - n - e n - ed  e :-: isn -s n-

— to  i — n-i c n ti f ’ ,’ , i n n - n - c - n - - c - n - n - n -  as possib In - , n-n - h - n -  a c t u a l  n - , ,_ s n - n - b e r  of c i-oc--;

n-n- e n -n - n - i _ s e a - s ass n- - n - n - e d  t o  e n n - 1L n n - n -n - n - n I - n p  c - n - a c e s  n - -n - i n - h  a c - r u n - n --an- n-- n- n - n--n- of

t i - n - c - I r t n - n -n-n-n-c ‘n- rn -- i  i n - c a t  i o n - ,  n-it s n - - n - t n - i a  n -n - n - n - n - I n- - n - -n-- n-in--n - n - i n - r I - n c -  e ach  r c ’:n - t t i r -n- n -n - s n -

c o n - n - - L I t I n - n - n - .

3.3.2 Personnel Assignment Questionnai re

Fern-or-nd ass.i ‘n - . - -d t o  e n gi c -n - c e : ir n-c- slI aces  rn-a-f-c-rn d u t i e s  ;‘n - h i c h

varl’ accn -n --rd i :n-~~ Iz to ti n -u crewm an-n- ‘n- n--at n- n - , g  n -nd n - r n -  n-o n - I n - n - -~ as ;- , -n-ll
as n -he  ,n -h ip ’ n-n- oc-cr ”- t i i n - - ” c o n d i t i o n - s  ( i . e . ,  in—Lort or c r u i s i r n - p ) .

Since  t n - i e  e v aiu a t  i -n -n -n of n o u n -c cn- x rn- cn--c - -n-re I n- ,~ a f u n c t i o n  of ’ t n - n -n-

t o tal  t i n - n - - n -  n -pen t  in - n - no j c - : n -n- e nv l a - - . rn - nn - -n t s  and corn - rn - ar - -n -n -n t  l o o n - n - n - i c - n - n -

( n - - hen n o i s e  l eon - n -- i s  o n - n - a - I n -’ n- - n - I t h n-i n  t n - n - c  ena’ i n_ s - e r ’hn -c -  s s ac e) ~ i t  i n--

n -c e n - n -n - c n - n - ’~ to c- uant lf;n -’ I n- n n- -a- n- n - n - n - n - n - n -r n - - n - n -  n - n - n - c  a s c - i n --n -n -n - : .ents  of ’ c - e r —

sonne l  for  a - ‘b en n-n - c - I -  . A - i : ’  I n - t n - n - n-n- i ;; , n - c - i n - n -  a - n - n - i n - n - r n - c t --, n-h c - a n - i n

Is vux-~ -n-i I tn -n - I-cult tn-c n-n-- h n - n -  I n - n - on a n - n - , n - n - n - n - — b n - ’— n - n - n - n - s  b a s i s , h a -n - -n - - a ver ,

st a t ist I c a l  n - t e s c r i ;  t o r n -  t hat  I t~~ n - t i  f~ t he s e  tn- -c n-,-n- n - ’Iab lc s -over

t h e  lon ~ 
n- ca-rn and o v -n - r  a -n -h i c l a s s  are I-n- s la - an - i c so n-ha’, a’~-n-n-age

e x p o s n - n - : ’n-- 1- n- n - - v e i n - n -n- n-n-n-an-: tn - c c c n - n - n - ,: ’ n - n - t n -’n- n - J .

The i n -n -vn - - lor n -n -n -ern- t of ~: e rsonne i  an -n - n-n- n-n- r n - a - n - cnn -  n- n- in - n -- c - o n - h  n - n - t o r n -  I n - a  cr 1  I on -n - i

in- In- r n - c ’ : , I n - n -  n - h e  f ’in a l  ar ain - - -n-~~s , t he  n a - I  se co n -n - i , a - o l  n - a - f In-
-, rn-n- s n - - n - t n - i c r _ s

rn-s i n- ;;in-t be u n d n -- r t , a k e n  have as n - h e I r  a - rI ’ n - n - ’ :  e L l e n - n -  ly e  I -Cc n - i n - a t - —

n - cnn -- of n - c - en - n - n - onn en -l n c n -  i n - c  e n - n - n- n- O n - n - n - n - r n - n -  n-’ n -n - t n - n - e r  tn - n - n - n -n s i n - n - :, ly r n - d c-c l eve l

[
I

“ — 5 -

- ~~~~~n-L ~~~~~~~~~~~~~ 

- - ____________________

-- _ _ _ _ _ _ _ _ _ _
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Report No . 3410 Bolt Be ranek and N ew ;n - n - a n Inc.

I i n - - n -,n- n-, I - , n - n - n - . ‘ n- n- n- n- ’n- n- n - n - n - ’- ‘ n - - n -  n- n-’ ’ _ s 5 n- ’ - n- n-
, n- n - ’  n-n- :. n - n - n - I c -~ 

a - a - on - -i n - - n - n - , ‘: n - n - n - n - i l  ‘ ‘ a n - -  n - - n - I n - ’n- . n-n- n- n-n-n- n-- n- n-
1
~~~c- n - n - ,n-n- ’— n- ’ ’, n - ’n- ,an-, n-’, n - n - n - ’ n - n - n - ’’n - n -n- ’ n - n - , b e I ’

a _ n - v - _ f r , DSIi I !n- , n - n - -’n - n - n -’ ’ - t i n - -’_s n-i— n-n-
n- I n - n - -n- n - ’ n - - c - ’, 1~ - ’_ I  , n - n- , n - -  n - n - I n -- cc - -  c - n - n-t n - s n - In - a’.

-n- n-, - I - n - n - - n - n - -- n - n - ’ii c - n - a’ o n- I - h - -  n- an- n- - c -  :n - ’,n - I r n - n - n - n - , r n - e n - n -’ b _ n -  n - I - n - -. n - S-  n - i n-n- ’

n-n - f  n - ha _ n - n - ac - i n-n- n- en --n- y i n - n - - c - n - n - c -  - - n - ’ n - rn- - n- ce i - - n - - n - ; - n n - ,’~l e n-- - - a - - b  n- - n - ,
’ ’, ‘ n - c -

n - o in - n - tc n - i n - a n - ‘
n-

n-
, lI n - n - ’z :- n - n - -’ 1”-:’ .

I t  ~
‘ - l l n - n - - : c -  n-n- n- n-~~~ , n -  n - n - n -~n - t  a - e n - tn - I n -n- n - a n - n -  t n - c - c  a-c :- ,~ n - , n - s , n-n- : n - - - : c a ’ I b C n -

n- n- S n - n-- ’t 1 n-r 2 . 2 . 2 , n - n - - n -n - - n - n - n - - ’ e n -n-- n - n - n - r y  ‘ 9 cc I L - c  
n-. n - n - - -  n - c a - a  n-, c-n- n-n-’ ’I n- c - a b~-a.—

r n - n - r n - n -  ‘ n - ’ i , n - n -n- ’ n - n - a - n -  €an - - I n - n - n - n -  -n-n- c-- . T n - n - n - -  i’oi~ on --n - -1 n - n - ”  I n - n - f” n - ’n - ’. n - n - n- I n - : ,  1 s a - o -n - c - t s t

( 1)  T i n - c  n - o n - n - I  n- ,~ b in-n- a ’  n - -n -’ - i n - r ’ n - n - n - n - i - - l  0 ,’,’ 

-o n- , ’ ’ r n - n - n - ’ e r l n - n -  ‘ c - r a n - e n - n -  n- ’ - o-n- en - n - - n - n -’ n- -n-n- s n- n - ’
~~~~

’ ’ n-— - -  o l i n - n - c - c - .

( 2 )  T:n- n- n - n - c-r c n - cL d - n - -z n - ’, c ’ h - ’ n- ’- : ’ n-a- n- n - n - n -I n - n - n -- c- n- n - i n - n -- n - n - h ’  

s n - - a c e s .  n - n - s n -n- In- :, t i n - n - n -  n- n- c - n - b e
n-
” on - ’ n- e n -”- r T ~~ ‘ c - n - n -’ n - n - : , n-n-- d n- n- t n - n -c

I I en - ’  ro n - - n - n -  ( c -  ) , n - n - n - n - n - n -n- n - , -~~~ ‘n-n -cr , (n - a ‘ n - n - n -  a- . ’ a--n- n- n-n - -

3 )  n- n en--n-’’. n -r n - n - - n- n--n- 
, t n - n -’ -  n -c -~-n-~- n - n - t - ‘n- - n - n -  ‘ e r _ n -  n - , ; , n - . n -  - n- - or - - n - : ’ n - n - n-

t 1 Ia-n-n- n- I t  n-n-- an - n - -n- n - - n - n -  t n-n--

( ‘n- ‘ - ‘ ‘ - - - - ‘— n- - - or, .n- - ‘ n- . ‘ n- n- - - an -,, - - , - : - - - - ‘ - - ‘

( 5 )  D n - n - t I r n - I t I u n  o n - n - n- h a-n - t o n - n - n -i ~n- I n--n -n -n -- ( cc -n - a - n- n- ~ - n -— in -’n-- .n - c-- n - n - _ s o )

t ln -~~t st e c  - ‘ I  n-n-n- in , , i I v i n - I u n -n-
T- , - -n - n - -c- n -_ s n-n- n-: ’ n - i  n - ’n-n- n - n - i n -  - ‘ n - a

n - I - n - at I n - n - rn- n--n-- . in - in - -n ’.- n - I  a - n - it i - n - n - n -  n-- f ’ ;-,- n - n - t a n-in n -n -t n - n - in - - a- (n - n - -’ n - - n - l l ’:t

t In -n - In - n-n-ni r n - n - n - c ), s - : ’ t c l n -  n - n - n - n - t I - o n -n- n- , n - n - n - a , i  ‘n- - n- - n - - n - i ‘ I n - n - c- n-i n-

n - h e  n- -n- ’ ’ - ’ o n - n -  s n- n- n - t n - o n - n-

_ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Report No . 3410 Bolt Beranek and Newman Inc .

( e )  n- - n - t n - e n - n -  the n-n - a - t n - n - n -i t o n - _ n - i  n- In -- c n - n - c - n - I  ‘an-n-n-n--rn-n- ( o n -,’er  a

214—ho n-r n -n - ” ) tn -c r n-n-n- rn- e r , r ic - . ee n - -- ’ I r ’  ‘n- ,”n- n- ” t .  :‘n - n - t I a . n -  -n-l i f ’ fn - ’rrn -
an- n - n - ca - u rn- V n - n -  n -h- c c--ca- Ian -cc --n-n- c c ’  a ’ ’ I n-n-i of “ i c e  c - t i n - ,

i”n -’ vec-, n- n -n -n - n- n- n - n - I a - n -n - n -  ‘ or, of’ t n-se r n - n - r n - n --ct In - -n - n -  n - i n - ’ -  - n - l i e ’  r n - -n- n - ’ n - n - .

The n--ea’i ’ c - .en - :c- i n - n -  I ;c-.s c - n -n - n - in -n -a--n- n-i n - a - n -  de ” n- I ’ n- , n-’n- n- i n - n -
n - h -  bn - n - In - ’n - n - n - n - brsc - on -n - t h i c -  n - c a - t i n - n - ,

(7) tn-or each e n r i n - a - e r n - l n -’ n - ”  c r - n - n -n--n--sn - n - c-. ( :5-n --n -n - i n - n-I c - i  n-a’ n - i l l n - n - n-

‘ - n- t i n - n -n - n - n- n- - n - n - n - c ), n - - n - n - a - I n - - n -i c-, - n -n -n - tea - the n - ta - n - -c- r- ’n -n -iIa,ec-c-

cor , - n - I t I n - c - ,n-n- , n - - n - n - n - n -  in- ’ n - h - - t o t a l  n - I n - n -n-- ( n - ’n-”n - r  n-n-

n-i n -n -c - ’ ) t e a -  ‘n - y Tn - e of n--:cn-rk ‘si n - n - c - i n - o n -an- in -n -c-, s~~- n - . n- n- - n - - a - t n - n -a-rn-I n -n - a -

n - - n- a - n - - n - i  n - ’n-n - n - c-’ /n- an-n- i o n - b a r  -n-n- - I a n - e n -  e x c I a n - s i -n-n -e  n - n - f  n- -n- n-n- n- a - i ,
( i . e . ,  ~~ h o n - c - -:, on-s t h e  averac 1 n-n- , n - e r - n -n-- rn- I -n - n - n- a - i a n - n - n - n - -n-

n - n - n - n -l n - , :’-c-, n- _ sr n - c n-n- , e n - c . ) .

( e )  Tin - c- m n - n - s t  d I t I’ n-i n - n - n - i t  - n - n - n-d :;et cc--c-er : - In - i tn-n.e a_ c- ,-I I - c a - a n - n - c o
- n-i -n- n- a f’or- n - n - n-n- r n - n - ]  ;- ,- ‘ -rn - -n - an-i  -n- n - i n - -n - a- n-i n-n- n- n - i — c- r,- n - c - n-n- n - c o t t t i n - n -n-~-

n - _ s a l o n- a - n - n - n - n - s i  n - I n- — — r o Y -n-- c-. :~~- ,n-d :,’ -or so- -c’:::. n - a -  n - O n-I —

f I c a t - i - c n - , n - - n - n - -n -n - l i  ‘ n - - n -n - lo in- n - h e  c-- n - n - t — - n - - ”n-- n-- c- ‘ a _ n - n - - n -  t i n - n --n- - 5cr-n - n - i - n - n - n - s

‘ -n -b er n -c n -n-a n - - n - n - i  W C rn - n -  a c t b v ~~t i e s , r n - - n - n - , n-n - c- , i n- n - h - n - n -,iu t , n - ’n-- c-
‘n- n - r n - n - -  n - - ’ r - t a - r n - n - n - i .  i- -n- n-’ n - n - n - n - n - n - a - n - i n - -, n-_s n - n - n - a - t i - n - n - n - I c - a -  n-n- a- - a - r n - n - n - a

(ii - n -n - -n- n - n - ?Icd L;: L i i i - n - - t n - I ’ m —  a n - S  r n - n - I n -n- a-n- n -: n - sn - n - -n-n- n- n-i 3

hon -n -  of ’ h i s  n --n -n -n - c - - i n - n - I - - - - - n n - n - n - -n -  i — n - n - -n -n-n-- a- iE n - n-’ n - - I n - n - n - -i n- c-n- n - n - o s

n - r n -  n - n - n - -n- - n - n -  r n - - n-- ic -’ -: ]  . l It  n - n -’ t he  ‘ n - n - r n - n - -a- Ia - n-n- -n- i n - i a - n --n-

n - — ’  n--joar.t z n- . n-~, n- “ - .r n - -:n - n - r o n - n - n - e c ’ i ’ n - r n - .  Th n-n- n- ‘ c - n - n - a a - a -n- ’n- I n - n -’,

n- n - u - o i l y  n - ’ n - n - n - n - ’n- Ia- oh-~~a ’ n - n - - d a - n - n- -n--n- l a - n a -  n- n- n-- rn- n - n -n - I s  (i.e.,

n - v - - n - ’  n - h- n - a- -n-n- n - n - -n - - n- o n - ’ a n - -n -e e k or ~~n-n-- - n - i
~~~ In - n - c r - i c r  n-c n- n - i -

n- - n-
-

n- ‘ f’ , ’ n - i -n - c - n - n -n-acra~~e h r - n-n - n-- -: c - n - n -  en-
n- , ’ n - e r -  i c o n - n- ’ - n - n - n - .

In n- n- r i -  - a -  n- n -n - t n -n - I n - _ s I h i :  d n- - n - n -  n - n - -- a I n - n - n -n- -n- r n - n - n - at  i n - r n -  , a a- n - -e l I a- i n - n - n - a - v  0 ~~n- n - t n - - n -n- . —

n a i n- ’-n - : - n - n - ,- n- r n - - n - n - - n - n - - n - .  T n - n - n -  n- n - o -r c : - n-a- of n - h e  -o’ n- n - - n - n - t I an- n - n - a I n - n - n - -  n -- n -n - s a - ’, In - lv
‘0 n - n -

n-
n - n - n -n- H n - n -

n- - - n - - n - ’ e r n - n - n -r- n- n -n -— n - n - n -n- I s n - ica _ ll l : - n - a n - n - n - n -n- n-
n-
~n- n - n - n -’n- tin - — ,c’ - -a c - n - -si n - o n -’~ ‘ ‘ —n - n-n-

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
-— - 
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in - n - n - a t n - n - a -  n - n - n - n - n -n - n - - I n - n -n- n- n - -  - n - - i n -- s n- n- c-”n-- ’, ’ ,’ ’ i n -n - ’n -’ i n - , ’ n - o n - n - n - n-n- I- n - - n - -c - a - n --n - - I n -
n- n- n - -c - c - n - c _ n- be

cbn - n - n - n - n - n - - cui . A -- n - n - - ,’ o n - ’ ‘h e  r r ~ - ’i I n - n- I n - n - - n-’:-- on -e n - n - ~o n - , n - n-n-Ire ac-a n-n- n-n- -n -n - ’n -n - ’n -r - ’ n- n - n - n - ’—

i n - n - n - n - t i -_ n- n - 1 I n - n -n- n- n- ” , ’- t i n - n -n - n - a - en - s - - n-. n - ca -- Ic - n - I ‘ n - n - n - a - I n - ,  n- n-n- n- s n - n - - n - n -- n - n - ,’ n - n - n - - n - n -

a - o n - n - n-a rn - e n- I n -  ,i, n - i  n- n - c - n - n - l I - n - n -  A .

3.3.3 The hata Base - -  P S u m m a r y

‘i - n - n - f n - T I - , ’a n-I n- n- . ,n - ” c - e n - n - n - n- n- n - n - n -  , n-’ : n - ’ n - n - n -’.n - c -- ’ a-n -  ‘n- I n -: n - i n - t n -  n - l’, n- - ’ n- n - , :  b e - n - - n-
n- , e n - n - n - n - n- - n - en -i

n- n-n - - n- n - -n - th an -  n-n - n - n - s n -  i n - r n - c - n -n - n - n - a - - n -c- I n - n - n - n - n - n - n--n-- n - n - , ,  s n - h i t  n-n- ~_ s n - n -~. n - n -

‘) 0 n-n- n - n - -n- ‘n - n - - n - ’ )  n- n- a-
n - n - ’ ,) . ,, . n -~~~~~~~~~~~ - n - n - ’ J ~~~~~~~~~~~~~~~~ 

, n - ,
~ n - n -~n - n -

Tn--n- c- 1 152  ‘ n - ’ I - n- c - s -n-~tn - ’ n - n -’ n-’ n -n - - n - ’n -n - - n -’ - n - r’’a - ’- ’- c i n - n - n - n - n- in - n- ‘ ‘ c n - ’ I l n - ’- , I n - n - :  i -n-an-, - n- n-” — n- n - a- en -n- ’n - -n - n - n -
n-i,” n - n - a - n -- a - n - n - O n -  “ , ‘_ sr , rY c-n-c-’ n- n - n -

2 - - . -,, ~
‘ I n -n- n- -~ T~o ’n-s’ I n - n - r ’ s n -- n - n - n - , c l

10 .0  n- n-n - a n-: . .hn-n- ‘ n - n - i r e  I - -n- n- n - n - -, h o .  I Fn-n - a - s . n- .n - , ’n -I

n-n-i . -in-n- dun - -: . hcn- -n - a n - n - n - I n - . n -  A -n -n - n-~n - - n - h o .  2 i - n - ’ - ’ c - n - n - n -” . -’ n - l

b . ,n- i o n- , a I  A - a - n - - n - n --’- ,n- n-’n - - - ’ n - n - - a - n - -  n - n - -  n- r n - n - n - n - n -

~i n - n -  h e n - n - n - n - n - n -n - n - n - n - - I  h - n -n-i n- n- - a -  t i n - n - n - -‘f” n- I n --I n-n- a - I n - c _- s :n - ’ n - s -  n- - n - n  
- n - n - i n -  “ n-- I Ia n -

t n - n - n - -  ~n - n - n - n -’ ’ n - -  n-
n- ’ n - h ‘- n- a- - ,- - n - - n-n- . I. ‘o n- a] n- ’ n - - n - n - -n - c - - n - I n - n  - ,n- ’ n - r n - - a n - - s -n - n - I -

- n - n - n - n --i n - n - n - n - n - n -  n- n - c - ’ ’ n- n-n-? n- a n - n -  n- n - n --n - -sn - -n - n - c s-n-, n--n - ’ n - n -- I a ’  n - , n - - n -  ‘n-n- a ‘
n-n-

n - n - n --i “ n - n - n - - n - -n- I l - -_ n- -:n - n -Y - n - c - n - I n-n- n- - n - t , n - n - ’ ’n- r r n - n -’ n- n - - n - n - n -’ n - n - n - ’ - - , n- n -n - o”a - ,’- ,n- ’n - n - “ -n-
i - n - I - I a n - s .  Tn -n - i ‘ n- n - • ’ n- ’ ” ; n - - o ’ - -

n- - 7 .
n - ’ )  a n - n - -’ :-: ti-n-” i n - I a-n- t n - c - c  - - -- Ia ’  ‘n-- n-c- , n - l t n - ci

I n - -  n- , n- n- c n .‘ -‘n- 1 ’ a , T h r -  i n - - n - itT n - n - n - r _ s c s n - i c - n- e n - a n  ‘ n - i  ‘ 
- 

‘
n - i ’ --

‘‘ cn- a an- _ n - n - -- a - ’ , e n - n - ’ 0 ’ n- ’ n- n- c - n - n - n -  I n- n - , ’, i ’ ’ ’ - n - J  • n - , I ’ —- n-n- ’ n - i n - n ‘n- . .  ‘ ‘ - ‘ n -, ’ n - n - ’ I n- t ’) n - — - - n-n- n-n-
n - n -  n - a - t n -n-- n - - I n - n - a -  n-

n- ’ h O n - n - n - n -1 I _n - r  - n --n - ’ - tn - n -  n-
n-, ‘- , n - n - r ’ n - n - -  n - c - -n -  n - -

n-
n-
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~~~~~~~
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3. 3 .3 . 2 DD 963 ( 2 F R U A h I n - E )  Class

A c - i n n - i c  IJD 96 3 c lass  c - I n - In - n - - a s  n - c n - ’n - - c - y e d  n - c  on -n -t n-n- I c-, n - c a - n - n -n- n -n - c- a -I- n - n - a - n - c

n-
n-n - n d  I - n - n - n - I a  I o n  i c - f ’o n - ’n -n - t i c r ,. n - ” n - n - e n-

n- n- n - c - n - n - n -n- - c - n - - e l ‘ a - ’ n - n -~~~ n--an- n- c— n - c-, i n-n- n- n - - n -  n-i in-

n-I .e for - -n -n -ar-i  n -air .  cn n -r i n - n - c  room ( h o .  1) n - n - n - n - n- n - c - , n - h an - n-
n- crn - - :n- rn -i a’n- x n - l ia r : :

m a c h I - n - n - c r y  a- -n -a -n -n -n - (h o .  i ) .  A t o t a l  of n- ’ n - n - n - n - - n--- n - , - n - I n - :e r n- -n - a - .  yn - n - r ’n - ’~n-n- r. n - i

and two a u x i l i a a - : ,’ n - a c h I n - , e n - - n - ’  ron -n  r n - n - n - rrn -n -n - c - ,n - , n - n - l n - -n - - n- n - - n -  n-n - n - n - n - s n - I n - n - c - a -n- i n - - c - ,d

o b serve d an-- n-h en- : n - - n - en - n - n -  ab o u t  t in -n - ’ a- n-a - a- i -n - n - r , n-n- n - n - a t - n -in- n-i n-n- n- n - n - - n- n - -n - i n - n - I c  n - i n -c

sh ip  was n - o n - l e a - n -n-n- n-n- . Tin - n- n- n- ’ ar.d b en -n - n- i n - n - n - n -  I a n - f o r — n - n -n- I n - n -n n - -a: g a n - s b e r - € -n-i

as we l l  as t h e i r  n - c n - r , e n - n - s  n - n - b a - n - n -  o t t — n - t i n- n-,’ n o n - s e  c x c -  n - s n - r e .  Ia I- s

i n t e r e s t in g  t o  n ot e  t h at  n -n - n - c rn - e s n - in - s of t1~n-n - o f ’ f ’—d ’n -n-n- y n-n-n- n - r a c y  I n - n - n - a l —

c a t e  t h a t  t in -c na n- crity r e c n - n - I - n - ’ e d  t h e i r  a - a - n - n - t e s t  n - - x n -  c - n - n - r e  t o  h i g h

n o i s e  l eve ls  w h i l e — n - n - r n -  d u t y  c-n -er. tn - n - a- n -n - n - h a tn -n - - ; n - - a r t  I - c  II, n- n - t n - - n-i I n - n -  n - t n - c :”

or n -r a p  sh o ot i c - i g a n - - t n - v I a  i n - s  a- rn - c c - n - n - s n - o n - n -.

The r e s n - c i t s  of ‘ ‘rn -c n - n - s — ,i u t n - ,n- n --n - a n - n - i-n - an- ,d n-n-n - n - at on - s n-n- n-n-, I n-n-n- e n - x~ n - n - n - re n - i n - n - e s

ana l o c a t i o n s  are s -n-a-n- n-- c - n - t e n - i  In - n -  T a b l e s  2 .1 5  t h a - n - - cc’in- 2 . 3 0 .

_ _ _ _ _ _ _ _ _ _ _  

‘-. - . - _  
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T n , ~

n-n- n-) ” f l  n - T ’ n - ’r~~~n - ’  
~ “~~n- - - ”-n - n -” n - a - n - n -n-:’ — AUX STi’A,’-I

n - n - .  i - n -n - n -
n-
c n - a - n - n - -n - c - n - ’ n - n - n -  n - n - n - a n - n - ’ :  n - - c - s n -  n - - n - t i ’,’ - n- n - n - n - - I a  -n-n-n - n-

ETFA -.2 EU

2 I- - T n- - A n-ti EL

n - n - n - n - n -n - : :  Ia a- i n - b , EU

6 , 6 EL , n-Tn-
n-n - [ - ‘I-S 6 , 6- FL , EU

6 n--i-TF [- 6, 6 FL , F”

I -I a  12

a- I I T n - 1-: 6 FL

9 [n- n-I- I 12 FU IT W

1,0 I,n- T in-U~ 12

I I  [-Ti 3 ,  3 FIn - , Fn -,,n-

I, :

- ~~~~~~~n-,,., . n- &.n-~~~ n - .  ~~~~~m n-~~~~~~~.n-n - n-, n- ~~~~~~~~~~~~~~~ -‘ -‘ —~~ - ,,_~*J ~~’ -



n--n -n --’- - - ,n - -_ n-n-.. fl ----

R e p o r t  No .  3 4 1 0  B o l t  B e r a n e k  ~~~~~ Newman Inc.

TABLE 3.13. FF 1052 CLASS EN G I I - E R0011 ;v c ax  TI :n- :Es AN D

LOCATIO N S DU R IN -I -  UND E FWA Y :-n - n - ODE

T1an n - I n  R a t e  Rest - c -- t n - ian -  Ha - u r n - :  E n - n - s r  n - a - t n -  b o o n - t i n - r n -s

1 EN 3 24 , 24 EU8 , ~ Ui i

2 EN 8 X iW

3 NM2 24 , 24 EL , EU

24 HIS 2 , 5, 1 EL , E U 3 ,  ET1W

5 EN 2 , 5, 0 .5  ELlA- n-
, EU , ET

6 EN 0 .5 ,  6 , i n - S  EL lA: , EU , EIaW

7 MMFN 6 , 2 EL , EU

8 MMFN 2, 24 , 1, 1 EL , EU , ETlA-: , AU-
a- MMC 8 ET 1W

TABLE 3 . 12 4 .  FE 1052 CLA[’3 E N G I N E  Rn -T OM n- ’A TCH  n - ’T : - R I S A N D

LOCATIG ::S DtJRIUG U/ICE ;’: :n- ’AY I-I - ODE

: Tn - in - n -  N o .  H n - n - - t e  R n -n- - s r - a -c 4 ‘
n- a n -  n - i n -  a-- s n -’ , n - n -  n-n -n- a- ’- 

~-ta I n - a - n - n - n - n -  i on - - n - s

1 E fl3 24 , 24 EU S- , EU1].

2 F iT 8 FU ll- :

3 MM2 8 ET1l’~’

24 I-IT-: 8 LU 1W

5 Ffl 8 ETlA’n-’

6 Fh 8 ETitin-

7 -U1FN 5, 1-5, 1.5 n-T i n-n- : , EL , En-’
n-n- :- ‘Ih n - : ;  8 EL
o MUC 8 

_ n - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1T~~~~~~~~~~~I~~~~~~ n -n -n- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~

n-n- n-

~~~~~~~~ 

- - ‘ - n -

-

R e p o r t  O o .  3 4 1 0  B o l t  B e r a n e k  and O e w m a n  I n c .

T A n -n - F E  3 .15 . FE 1052 - - .n - n -,n-Ia-i-- IL IG U ’S ’  ROOF n - n - n - a ’ O I l - l E A  AOl

L C I-A T I O T LI- i ’  Ia n - I - 11:—i OFT I— ODE — COlA ’ ,T,~ IaI

T-lan N o R a t e  H e s n - , e - c t i v e  H a - n - n - n - - s  E e s r ’n - c t i a e  boa -an - n - Io ns

1 FF 3 h , q :n-:~~w , X 3

2 n - n -n - :: 3’ n-~ n-n- ’.-:

3 :-::-:2 6.5- , (.5 EL , E n-I-

Nn - i 2 , n-n-, 2 EL , EU1W , EU

5 3 - n - n - n -

6 n- n - u 8 in-T I-n-- I
7 r n - n - r n -n- n-n -n - n - :  7, 0.5, 0.5 En -TIn -n - :, EL , EU

8 :-.:-n- n- - u  3, 5 EL , EU

I-’ E T I W  
— _______-

IA n- n- n- L b 3’
. 14. FE 1052 CLA n - n - S R E S I n - I F  En - . on --: ~-n- ’ ,4 I-’CE T n-F-liT A E D

I n - O C A T I I , n - C  D U R I N G  I h — [I R n - 2  I-n - OF F — n-”OIa I F - C C

: :n --~ rn- n -ti . ‘n - i n- e n-n- n-n-~ n - n - r e o’ i a - c  n - n - n - - -
n- n-- n- c n - c c - n -

n- e ’ n - n - t 1 ’/e L o n - n - n- ;t i o n s

1 ~- , :n - 3  I- , ‘ n - F i n -n-; , n-n- : 3 

, 

—

2 F:; n- n - , - EL , EU

3 1-1:-I? n- 6.0 En- , , EU i n -
24 I-u-: 2 , 2 , n- n- EL , iT’, E ’IaU

5 n - n - n - :  a- n --n -Ti ’-:

7 :-::-:u’n- “ , I- .5 , D . 5  ET 1’n- ’ , EL , EU

S F - ’ : - : ,  E , , 5  EL , En - ’

L 
“ -IC 

- 
n - n - 

- - 
T~~~~~n 

-

_ _

I
-n- n- n-’ I

~~~~~—- --  2
::: -

- 
- _ _ _ _ _



, n-
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Repo rt No. 3410 Bolt B eranek and New man Inc.

TABLE 3.17. FF 1052 ENGINE ROOF WORK TIERS AFD
LOCATIONS DURING IN—PORT I-n-ODE — A U X . STEA n -~-!

Man No Rate Respect ive Hours Respective Locations

1 EN 3 - —

2 EN — —

3 J Un-12 6 , 6 AIJ 3 , AU 9
24 Pn-Th1 — —

5 FN — —

6 FN - -

7 MMFN - -

8 NNFN 
- 

-

9 In-INC — —

TABLE 3, 18. FF 1052 CLASS E n - n - G I n - - r E  WATCH TI: ’n -E S AND

LOCATIONS D U R I F G IN — F ORT MODE — A U X . STE ’ICI

In-an N o.  Rn - i t e  F e s r n - c c t i v e  H our s  R e s r e c t i v e  L o c a t n - o n s

1 EU 3 — —
2 EN — —

3 1-1112 6 , 6 AU 3,  A U 9
24 on- — —

5 n-sT — —

n - - n - ; — —

7 1- 11-n- n - - n - :  
— —

8 111—iRE — —

— -
— 

- -

— -

— -‘—‘ - n - n - - —

n-n-- --.- n-~~~ n- ’ n - - n -  
— n--n- - - ---‘- ‘n-—n-. - ‘

~
“ 

~~~~~~~~~~~~~~



- ‘ , n -~~~-n-- -n--n-, , , n - ,,, ,,,_,,, - ‘ n - ’ ‘‘,,,. - , n - n - n -”~~~ ’ -n- ... ...”—~~~~ n----,,- , ’ ~~~~~~~~~~~~~~~~~~~~~~ 
~~~

- _,_,n-,
~
_

~
n- W’ - _____________

b e~,n - o r~ 2 4 o .  T n -  [ Ta - - [ ie ra n- ’~
n - .  ~a - n - j  e~ n- n - -~~a- i ? n - c .

T i-iLLE 3 . i-~. DL 96 3  C L An - n -S E n - n - G I n - n - F  Ro n - In - I -’ N-C.  1 WORE TI:-:Es
AN D LOCATIO N S D U R I N G  UA’D E R F I I  Y n-lODE

I l - -n - i  I n - n -  TSi~~
n-
e [- con - c - ct - i a - n - H- n-

i r s  [- e n - - a - n - c t ’Y -’n-a- Locati ons

1 I FE 2 , 2 , 24 n--n - I l , F12” , R I - F
2 FA 3’, 2, 3 211 , E 12 1- , iT - -
3 FA n-n- , 24 En - 12 n -, - ’ , E1 3W
- FF2 2 , 3, 3 E12Y , EI-3 1” , 2 124

3, 2 , 3’ _ _ _ _ _ _ _

TABLE 3 . 2 0 .  DD 943’ CLASS E I ; G I N E  £001-n - N O .  1 Wn- ’OCH Ia:-:ES
AFD LOCAn-A ICI :,a- DUEn-In-il -i Z/DERn--

’,4F n - -n - ODE

2 1 4  Y1I-1~~~ : _±~~~~~
n-
~~~ ~~~~~

n-- 
~~~~~ 

n-

-T i14
~~~~~~~~~~~~~~~~~~ct ir e  La- n-n- a n - i ’  

____

1 Fin- ~ , 5 £12 1-: , n - E [ - b
2 FA ‘3, 5 

- 
Ol2 1-T , iTI

3 CA n-n- I En -C C

~ EN? 8 En-n-_ n - -,-:
5 En-i n-4 , -n - E l i , E i2 1’T

T A E n - T , n - 5 n-
n- I -i .  DD 9 6 3  C L A n - n - n -F F I n - G I n - n - n - n - n -  ROIa-: N O .  WI - R E  Th IEF

AOl L - C ’ n - A T I O F n - T n -  D U R I N G  1 1 :—FORT HOD -in- — n-An-Un- I- AFT.n-

2 ~jn--. P ER:
3’ n-Li - ‘

E 2  3’ 

- _

I n- n- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



n- ’). n-_ n- . n - n - l i  Ln- n - n - r a n o~ ~~~
n - n -

~~~ 
, -,n - -,- ’:r

TABLE 3. 22 . n-n-n- fl ~O n - . C L AAn - n - I  FF01::: R n - n - C:- ’, N C .  1 WIT ‘H TIFF
An - I L - LOSATIC n- In - I -DUHIn--’ T N—i  OFT n-n--n -OD E — - I-I  -, I ,  n-’i~

I n - n - n -  n - n -  [-
n- n- ~ n- 4

~~~~~~ n - n -  - - n - i ,  I - n-’ H o n - i n - s  r-~~~
n-n- - e ’n - t ‘ ‘ n -

~~~ 
,, o n - ’ a t  i n -

n--- :: B CiT
2 n - n - n -- - ‘-— n- f t  ‘.1 ._ ,  -

-
‘ FA n- n- F C C

LL~ 
n - 2 C 

______  - ____

TAF LE 3 . 23 .  DD 9 6 3  CLA n -Tn - E I n - G : : n - E  RO n-E l I n - C .  1 -! Cn - E T T :- Ii - n - A

A::D L O C A T I O n - n - F l  Dn-n- n--n- I: :G I n - n - — I -- OF T n - -n - ODi n - — A n - F .  S TE, n - ’-:

in -an m b .  }Si ’-e  R o - o n - n - e cn- , n - - ,n - n -- n - n - n - n - a - r n - n - -  E n - n - o n -  O c t  ire Locat  n - n - n -s

2 FA 8 FF 1
3 FA 24 n - b E n -i,

FF 2  8 EEl
1) n-n- :: — —

~~~~~~~

-- - - - 1 - - - - 

~~~~~~~~ 

-- - - --‘-- -

~~~~

- - — 
_ _ _ _ _ _ j_ _ _ _ ____ _ 

-~~~~~~~~~

TAF L E 3 . 2 14 . ED 963  ‘ n - n - ,-- n - .T n - n - n - n - n - n - T n - n - n - :  n-n- -I O n-’-: n -ti . i ; n -
~n-~

n-
~~~

n- TI”n-- E

A n - I D  LOCATIO N:  DURI : :G I n- n -—PORT P-n -CIa — A n-n -Un-’. ClEA n- ,’

E114 iuII 1 ‘n-±ITIL___ _ _ _ _ _ _ _ _ _ _ _ _

E n - E
n- in - , ~n- F-C C , En - F, i

n- ) n - n -n - n - ~~~~~
_ —

- _ - ‘n-, ,

~~ 

_ _ _ _ _
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R e p o r t  n - J o .  3 4 1 0  B o i n -  Be a r e k  n- n - n - t i  a- e n - n -  rn-~~rn- n - n c .

3.4 -
~ai~~~~

n-’ - -  Th c D e s c ~~iDt i o n  C- ’ on - p  t a - t  ‘ C - n --n - 2  n- ~v e ’ ts

3 .4.1 Bac korour i d

F-a- in - ’ n-n- - n - n - -n- a - ,. n - n - n - n - t n - n - - a -  a- n ’n-n- T n -n -F ,  in - ’ n-n- ‘ n - a -  - - n -  - n-’n- ’

a-, n - n - i a - ’ n - n -  n -,eaa -a - ‘n --n--n - - n - t o  n -Ta -a- ’ a- ’a - , i r o ,  U ’ ”  ~n - n - n - n- a- ” n - - n - n - a - a - n - a - r n - n - n - n - n - t i n -  n- n-

-i- - n - c a -  n - an - ”n-n-~- a - n - -  Or, n - c - n - r - n - n - s n - n - n -’ cr, -
n-

n- ’ c a - - n - n -In-n- n- - n - ’ n - -’-’n - n - n - ’ n - n - n -n - t I - ,,r- , n- - tiE’,

or n - a  , i ? a - r n -n- ea - ’’e ’n -o-’-- n- tin-- coc :r-~~~r :n - ,te ‘n-n- n-’ S ’,, Cn-n-n- - i’ n - O ’~ n- n - ; ’~- he n, - n - a r a - ’-’- ” —

n - o n - - r , t s  n-_ c L e n - a - n -n - I - n- n- - n-
n-Ia--n- a- a - cn - T ’ i i n -  n-n- n - cr n - n - n - a -’, l - ,n-

’ n- a- ’ - - n -c n - - n - n - - r o n - n - c a - .

n - a - rn- u n - n - rn - t e n - U n -’ , n - n - n - n -  n-- n - - n - I - rn- ,: t : n - ’-:’ , :; n - io’ - n - a -  a - - - n - ’ -- n- ’-’ - as :‘n- , ’;r n - d a r d I :  ‘
r n - n - n -  ‘ r ‘‘ ‘ n- ’n - c ”n -

and :n- , - n - n - s ’n - n - n - ’-n -”: ,n -- : n - C - n - n -
n-
n - n -  n- n - n - n - n - n --n- ar e a - a - n - n - a - n - a - a - -- In- , a - a - n - n -:’: ,n- r ,n - : . n- n - n -n - a -’

on - ’ n- n - a r n - n - : n - ,i t n - ( n - r n- n-n - 0, _
n - n --n -’- ‘ - — n- - ,’ n - n - n - ,n-’ n- ’, n - ’ -n-- d r n - c o n - n -  l e a - n - - I ~~~~~~~~~~~~~~~~~~ n-n-n - n-~ n-n - n--

u :n -n -  in - n - n-n- n- rn- e v a - I - u n - n -r n -  n - r n - n- n- t a - a - n -  non - n -  i n - e  - ‘n - an - t i  -
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n- . , , - ‘ n - -n- -n -- n- 
- n-i- F ç n - n -  

- -

ann - i :o ’, 1,0  rn- n-’ ’ - - n - n - ” ’ n - n - n -  n - - -n - ’’i et i  n - n - E n -  n- n- ” e n-H 
n- n- - n- n - ’ n - ’ n-~’, n -~~ ‘‘ ‘ ‘n - n - n - -

s n - t a - l a - c .  T n - n - e _ n -~ ” u n - - - ’ n- n-
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S U - ’n-I-I A R Y OF NAVY SHI ? E - OA Fn - D C O n - - n - F AR T n - -IE :T
A I R E CE F E  N OISE n - n - n - A SU FE I n - In - n - n - T T F

n - -n - eas u r e a - n - e na -  P a r am e t e r s

n - n -avy n-n -n - ea sa - r e -~ Ca-dos
Organ-a-i— Pa-rca-se of : -n -easu re mc-n t s  meat  Creed , Ca-apar t .
za t ion  ype~ n -n -n -r -o t s Surveyed

NSRDC Verify compliance with Oct , 5, 10 , 15 n-t I
ships compartment d E ( n -n - )  20 ,2~~,
category specifications max .

NSRDC Reduce Eri rineerlng Cpace 1/3 Oct 20 ,26 Engr.
N o i s e  Levels  d E ( A )

EPMU Veri fy sh ip ’ s readiness d E ( A )  5 , 7 , 10 , Eng r .
via i n spect I on  15,n-n-,6 ,20

22 , 2 5 , 27

N E R O  D e t e r m i n e  pe r sonne l  d E ( A )  0 , 2 , 4 , 6 , E r -o r .  
—

exposure  Dose — — — 2 8

Evaluate hear-na- pro — 1/3 Oct 05 ,21 , Engr .
tection , recommend 22.5,
noise contra-I 26 ,2n - I

SEC D evelop  reF -si re n - n - n - ea ts  1/3 Oct  13 , 12.5 E n g r .
and e no in e er  no i s e  d B ( A )  — — — 1 7 . 5
contro l hardware N.E .

* O c a - :  O c t a v e  c a n - n - u s  of F r e a n - s e n cy
1/3 O c t :  1/3 o c t a v e  b a n d s  of fn - -ea - a - e nc n -n -’
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3 . 4 . 2 S e l e c t i o n  and N u m b e r i n o  of L o c a t i o n s  w i t h i n  C o m p a r t m e n t s

Ccm~~i nin g  the  rn -an ’ s h a - t v  and h i s  n o i s e  l a n - n - rn - n - cd t o  ar r iv e  at  ex t  o sur e

requi res  the  s e l e c t n - - i n  of’ t y r n - c a l  l o c a t i a - r n -s n - rn - t h e  sh~~n-, er ,n - r n - n e e rn - n - ’n - -
compartments. The selectior, n - -f I o c a t n - a - n s  shn -n - ,n - l d be b a s e d  cc e n - t h e r

the rn -n - an ’ s d u t y ,  or t h e  n o n - s e  enu ic ’n - rn- n - n - n - en t , -or h n - n - h. For exantle , the

watch stations and n-
~n - a - rk  b e n c h e s  n - r n - the eaon -neer ir ,Cn- com:-ara -me r,ts

are 1o~~n -c a1  l o n - - a t i o n s  b e c au s e  mu - n - n - is  kr , -: wrn- ab- : n- t n - n - n - e  sc e n t .  I n - mn - —
la r l y ,  a hic- h n - n t n - r , s i t v  r n - o n - s e  a rea , I n - s e  a - n a - e r  a yen-n-t e n --n -han -n -sa- fan ,

is ap p r o p r i a t e  even t h o u g h  t h e  tn - n - n-e sr n-’er ,t t h e r e  n-’n- Cn- ’.’ h e  s m al l .  The
available N avy  d a t a  ha n -n -e been c o l l e c t e d  senera l l a- ’  at h o n - h  w a t c h

stations and ifl prox ~~m i n -n - y  t o  noise r r n - n - - u u o~~r , n - n - e ct r  m e n - n - a - s .  To s n - n - n - n - n - l n - f y
the  noise  da t a  a n a l y s i s , f ro m 6 n -- a - 11 coam cn ly  used  l o c a t i o n s  on
each major level of each e r n - n - : i n e e r i n c a -  space  have b e en  s e l e c t e d  and
given a n-n -ode nun rn- n-n-n - r .  Few er  l o c a t i o ns  have been s e l e c t e d  f o r  t h e
less fr e q u e n n -a - eu  deck l eve ls .  The c o h n -n o  n - n o n -  ca t es  t h e  comp ar ’ t r -n - ent ,
t he  leve l , n -h e  l o c a t i o n  rn -umber  ar--h wh e t h e r  n - h e  b a - a - t n - a - a - ,  is a n-- ’a t c h
or work area , as fo l l ows :

n- n - - a --

a rk  Pen n -n --h or n - - n - a n - o h  n - n - t a n -  ia -r n - Area

2n - -n - c o n d  L o c a t i on

Le” -n - n - l
E r r i ne  N oo n

A sa- ’o acn - :  of’ the  m e a s n -, n - r n - n-rn-e rn- ’n- I o - n - n - a o ’ n - o r ,s n-n-n- or n -h -a -  n - - a i n - n - S I  c l a ss  ann -i n-he
DD 963 class n-i n-n-n-c ~rese :-n-ten-1 in A n - n -  e n - n - n - m i x  E .  ‘ h e r n -  l o o n - n - n -n- i on -a - s a-re a ls :
shown p i n - r n- n - n - r n - a l l y  in A~~ e rn -d n - x P.
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3 . 4 . 3  The Data Ba :e - -  
~~ Summar y

Tn - ;’- ’ f a l l - n- - ;  n - ; n -  c e c t i n -or~: sun:’. n- n - n --~ n-n-e n - n -
~~~~~~~~ n - n -  n- n- ’,cn- ’n-i- ’ r - ’ sn - n -  ,evel  n -Ia - ta

fi n- ’ t h e n -  f - n - n - ’:’ n- a - - n -  i n - n - a -  a - r an - n - - e n-’ aU- n - a-n- a-- h t n - n -n- t n--co n - c h n - n - -  c i a s n - c n - s in - n - ’, n- -a - s ’, lo n -wn -_ n - d .

3~~n-4 , 3~~~~~n-- 1052 ~~n - : . - 0 , ’ n- , -t ’i ,an - :-r

Ti n- e ~n - F  i o n -n - n- a - I n - n - a -  1 :a - en - -- -,n - n - n - ’e- n-c:nn-a n;’ n- h-n-- ra - ’ or’ a - n - a - -n- n - - c of n - h e
rn - n - in -r e in- n - n - rn - n - , r n - ’.a- a r , w l w z n - n - n --i in t n - , i n - -  sn -n- n-n- n - n - n - . Thn-n- n -i ” a-e n-n- :
we re - w v - n - n - - a n -n- -a - far’ en - j-- rn- ion - nn - n - n - n - -n - n a--n-’i - n-a- n-a s -n - ’~ is a - a - n - n -n n - a - n - - n- n -rev - n- n - n - n -

o cn - - n-’n- p ’ n - n - e i .  N a - n -  n -n - rn- ct  l o o r n - a - f n n - - ’ . n - n - n -n- :n-n-, n - n - rn - n- ’n - o - c  -n - i -n - ’ ; a t i- n- - n n - n - n - n - n a - c s

t - e t n - - : n - n - - en -  + 2 n - n - - n- i - n -  ‘ n-i n -
n-

. ~~n- - n- n - n - ca .
~~~~

n-- n- ’ a f a i r - n - n - ;  ‘n - r n - r n - n -f n - ’ e n n - - n - Ia t a  L ’ n - : ’ - ,

n-n- un-- a -0 n - n -n - -n-n- z ’n - e r n - n - n - i -n-n- n-n-n- r , a n - ’n - -n-n- - on-’ bo:a. tf  n -n - n - n - ,  - -. ‘ n - n -~n - cn -  i a - n - n-a , tn -n -  rn - n a i ’.- a - i s

~s pre ser ’- n - n - a - h  I n -  n- n - n - c n - a - I ”n- ‘n-
n- n-n- n-n-n - ‘ n - n - n’n- —’nn- a - f ’  n - r n--n- n- a - ’ T C ” a - ’ n - , n o n - s e  n - i e ’n-n - e ’”
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• A s~n - e ed n-i €n- p n-n- n-’~~i ’ . n - n - t  C~~~~~S~n- O C O L - ~” -3 ~ r, ~ n - n - t n - T, t rn - e en -n- n - ’ )~~,f l e

rn- c- c r-n-, and :“~~:-: roor -: , s t- :n -~~~ ir,~ at I~ k n o t s .  The ~ 1~”f ’ e r—

e n c € n-  t n - n - 30’OnQ ]n- L n - n -~~~~ ~ f n - n-
~ ‘n- h n -~ 27 a n-n-n- -’~ 1~ :‘~~ts s’~b- —~n - , -od es

a v n - n-n -r a g e s  5 n-XE ~n-fl t h e  engi,n-n- e rc- c~~ a-rn - ~ , cI~ ~,n t n - n -f~ f i r e

r-,n - o n - n -. Tn-n-~~~s exc1~~n-~, n-~s ~~he n-n -onn-n-rcn-j, enc~~~sures.

Tn - n- c  r h y s i c a l  sl~a i f ~ ~ a:n-n -co of the avcr-a~ e -lock rolse len-n-n-el s are

illustrated In ~-n-ires 3 . 6  ann - I  3.7. These n-~~:-srcs snow ave ra~~c

n - n - O l j tn-n- l evel s  In - n -  t he  n- n- n-- :-:-r le-i~n- of’ tm - c e t i o f f l e  r o a n  and srn - n - n - €- r

lev e l  of on e  f i n - - c  rocr n -n -  of ~he l -1-~~2 a~ 20 ,-nn - o ts  w i t h  c o n s t a n t

s o an d  level contours. The n on -un  am it y  of t h e  n o i s e  s, n- n - s t s

t h at  the a vc a i cn-e sound i e-~n- a -i  ~s not a n - ’~~n-’y accurate descrirtor

of t h e  hatard . H-n-n- ’n--:ever , in s~ n - tuOti - o - n - n - s  where the perso n -n -an -e l w ;r k

n-a s o ig nn en t .  , f o r ’ on ent ire cla n- or a ~ n - n - n - ’ l t c I  corn -  c n i y  be n-n-escribed

¶, ri t-n--rr,s c- f’ a leck level , these avera ‘i-son --: r n - e l s e  i~~~el v a l u e s

may be -rsed to arproxlmate noise ex p o s n-rn - ce .
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dosimetry approaches w h i ch  i;ere roportoJ , had beer . iocorrectly

implemented with the results yielding noise dose data ‘about a work

area or watch station rather than the daily noise dose of m dlvi-

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 noise exposure

study utilizing t h~ mode l as reporte~i herein.

The personnel duty questionnaire , developed to o b t a i n  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

personne l 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 havy to be able to use the location

noise data, as co].lected by the various EPI~’iU units , to flag locations

whi c h w i l l  requ ’i re more i n — d e p t h  eng ineer ing  noise a n a l y s i s  and
control and ac t ua~ ly resu l t  in r educinr  the  r i sk  of hearing loss

rather than just r~ d uc in~ noise  levels across th o  board .

Due to liro~ted time on board ship; it was not rossib le for the

consultant to interview all members of each division w i t h i n  t h e

Eng inee r ing  Depa r tmen t s .  In f ac t  no me: :ber s  of the E arni R

Divisions we re surveyed for e~~the i  d oss of sh i~~~ .

The EngineerIng O?fi cers were ask I oor~tain qu~ stThns (see

Appendix A) to gain an overall picture of crew assL~nments on each

ship, the number of personnel in each enr ~ nee r i ra~ spa ce , ship ’s
operations , etc, At time s there were di fferences in the dat a as

reported by E.O. ’s and crewnen. R ecomm en da t i o n s  rec~arding this

point occur in Charter 6 ,

— J - —

—~~~~~~~~~~~~-~~ ~~~~~~~~~~ -~~~~~~~~-— ———~~~~~~~~~ - -• .—--•------—
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IV. NOISE EXPOSURE E V A L U A T I O N

4.1 In t roduct ion

This section presents a sus•norp of’ ‘~he rersonnel ~o~ se exposure

problem for the FP lO~ 2 aol PP 9~~ 0 0:S :h~ rs . he ~cr r u tat i cn

of no~ :e exposure is ba , ed or. t h e  b a ~:e :“-:‘~r t- ~d is. Chapter

Three and Ap p e n d i x  D an u  ;:as p e r t s n : . , :~ I:. ~c c o r d a o c e  w i t h  th ~-
gu i d e l i ne s  o u t l i n e d  i n .  ‘ ne se e x n ~~s . r ’~ no ~o l .  Pc :e e xposu re
compu t a t i on s  are , p r o v i d e d  as a f’ o~ ~ oat  I no des  fo r
the fo l lowing  s t anda rds :

• 1. ::~ vy Space  C a t e o o ry  C .
2.  P resent  OSH A Poise  ~tandar~ a r , o  H C  T h s O r u :~t I on  6 2 6 0 . 6 H
3 . Proposed OSHA Poise  .~t a o d ’ i r d .

An i l l u s t r a t i v e  example  ~or s p u t a t i o n  of ‘he ? T y e o r~~~: a v or ar o d ”
noise exposure  problem in shipboard  si~~u a t I o r • s is  ~lso  r r ov ided
to show how the exposure  levels f o r  o p e r a t i on a l  r o d e : r a y  be
combi ned g iven  an appr :po ~ a te c r i t e r i a .

4.2 Da i l y  N o i s e  Dose Me t hodo 1o q~

In order for one to determine whether or not the engineering crew

is in compliance with a specified noise standard , acoustical

measurements must be made to evaluate cersonnel noise exposure .

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

it is not as easy as it a rp e ar s .  T ime vary in .r no ise i s t y p i c a l  of
m o st, s i t u a t i o n s  found  on board ship. The reasons bemno th~ t so me

m a ch i n e s  are o p e r a t i ng  intermittently and t h a t  the c rewm en  are
mo v in g  in  and out of d i f f e r en t  no i s e  leve ] area:.  For  e x a m p l e ,
assume t h a t  a crewman works  in fou r  d i f f er e n t  no ise  a reas .  Tnder

the c u r r e nt  OSHA no~ se s tandard , his daily noise dose ~: calc u l a t e d
as follows :
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Location N oise Leve l Dura t i~~~,,ç, A l l o wab l e  D u r a t i o n , T

1 87 dBA 3 . 2  Hrs
2 92 dBA 2 . 5  ~rs 6 Hrs

3 97 dBA 0.5 Hr’s 3 Hrs
14 100 dBA 1.8 Pro 2 Hrs

d = + ~~~~ + + = 0 + O .~~2 + 0.17 + 0.90 =

6 3 2

Thus , the  crewman ’ s noise exposure  IS ~9 % gr e at e r  th o r  t h e  current
OSHA s tandard a l l o w s .  Th i s  is a c lear  violation ever though the

actual duratIon at any’ singie noise area dId not exceed the allow-

able exposure duration for each area n o i s e  l e v e l .

The calculation of OliC daily noise dose under’ the proposed OSHA

standard for exposures to different noise levels Is ident~ cal to

the current OSHA standard. The e x a m p l e  ~u s t  given would yield

75% overexposure  under  the  p roposed  s t anda rd  as opp osed  t o  the
149% under the current OSHA regulations . ~or a more comr ete

explanation of the standards refer to Sect ion 2.1.

4.3 ~~~~neer in g Personnel Noise E~ p o s u r e

Through  the use of the quest lonnaire ~nd air other cuestlons

whi ch r e s ult  ed fr o m  i t s  adm~ n Is t r ~ t io n , i t  ha s  been  d e ter m ined
• t h at , at least  for  ‘h e  e~~gmne erIr,~ V 2  , C m r d i t~~cr s

IV and V are im p r a c t I c a l  for defin~ rin wa: :h stat ions s I n se  this

group is u s u a l l y  short  of p e r s o n n e l .  Thu s , Con diti on s I and :11

are , i n fa c t , the sal: factors in deternlr ,ins’ watch stat i on

• ex ~:o s u r a  t o  exces s ive  noise. Th aodit ion , since the shIps seer
to be in C o nd i t i on  I ic r - s t h a n  5~ ci’ ~~~ tine du:’i:•: tr e  y ’a r , It

- 

::.ii_:i.Ti I~~I~~ II ~~~~~~~~~~~ _ _
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appears tha t  Cond i t ion  I l l  is t Oe  most c rIt i c a l  w a t c h  sec t ion

• exposure factor .

For the purposes of this report (which reflects the results of the

• duestionnalre ) it is generally assumed onat w a t ch  C o n d i ti o n  I I I ,

i . e . ,  four  hours  on and eI gh t  hou r s  o f f  with one •.;atch in three ,

aefi nes toe t i re  and locat:or. a s p e c t:  of n o o s e  exposure  an i l e  on
w a t c h .  A c c o r a i n g l y ,  dece n aing  u p o n  w r I  oh wat oh a c r e wm an  s t a n d s  in

an engineer ing space , he ge nera l ly  e x per i e n c e s  one of tw o  d i f f er e n t

• da i ly  noise exposure  m o d e s .  The mos t  severe is when h i s  w a t c h  t ime
is t o t al ly  separate  from his  normal  w o r k  t ir e . Th t h i s  case  he may

be exposed to at least s i x t e e n  hours  of n o I s e  (is many cases m o r e ) .
The second exposure  mode occurs  when at least  four  h o u r s  of h is

wa tch  f a l l s  dur ing  his  normal work  d a y ,  thus  reduc ing  his overal l
daily  exposure  dura t ion  by four  hours . If I t is a s sumed  t h a t  the
fo ur hour  r e d u c t i o n  inc ludes  exposure  to four  h o u r s  of h i s  n o i s i e s t
w ork , the n his  dai ly  no ise  dose can be bounded  by an upper  and
lo wer l i m i t .  The r e s u l t i n g  range of h is  noise  dose then can be
expec ted  to include his  ac tua l  normal n o I s e  exposure  for  each ship
oper a t ing  mode .

Table 14 .1 gi ves the survey r a n — n u m b e r  f or each room ‘,‘ers’u s h i s
r a t i n g .  The m a n — n u m b e r  and room are used In the  f c l i o w i n g  t a b l e s
to i d e n t i fy  each i n d i v i d u a l  su r v e y e d . Table  ~ .2 gives th e HF 1052
class p ersonne l  o v er e x p o s e d  under  the  Category  “5” n o i s e  l imi t .  *
Table: 1 4 . 3  and 14 .~ are also for  HF 1052 c lass  pe r sonne l  and show
the dail~.’ noise dose range for  each man a: a f un c t i o n  of t h e  sh i r

o p e r a t i n g  mou ~~. Table  14 . 3 is for  the c u r r e nt  o:::;~/s u::dD ~~~~~~~

st an n ar i  an d T a u l e  14 . 14 n i lc a t e s  the case f o r  t h e  p roposed  CSP~
st anda rd .

* i tS W O S  p o in t e d  out in fe c t  ion 2 . 1 . 1 , C a te g or y  D is  n o t  a c e r s o nn o l
no i s o  e x p o su r e  st a n o ar o  by a c oo .yo i t m en ~ n o i s e  st a n d a r d .  In that
se n se , cr ~~nh on are c l a s sI f i e d  as “ over ’ex l o s ed ”  u n d er  t h I s  s t a n d a r d
as soo n as they en t e r  a co op  orts Irit or area whose  noise  l eve l s  are
au ove 90 dBA.
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Likewise , Tables 14~5, 14.6, an d 14.7 present the noise exposure
results for the DD 963 class personnel. ‘‘hese data reflect

the cases for noise exposure criteria u n d e r  Category , current
• OSHA/BUMED and proposed OSHA standards respectively.

4.4 ~~j J neer i ng Personnel Overex pos u re

The daily noise dose reveals  the ex t en t  of ’ overexposure to no ise
for each crewman overexposed. It may also be desirable to know

what percentage or how many crewmen are overexposed or. a spac9—

by—space basis across the ships operating modes.

Such a comparison under ~~~ dY~ e~ ent noise criteria , is given

in Tables 14.8 through 24 13. These tables appear as pairs with the

even numbered tables presenting the percentage of surveyed personnel

overexposed to engineering spac. noise unde r the different stand—

ard . Since individual surveys of’ all or e w me n  in e ach space were

not possible because of constraints b e y o n d  the eontro ’
~ of those

administering the questionnaire s, it is not sossible to report the

actual  to ta l  number of engineering personnel who are overexposed
under  the var ious  c± : e :  w h i c h  have been c o n sI d er e d .  However , If

one can as sume  t h a t  the  pe rcen tage  of ove r e xp o s u r e  h c ld s  genera l ly
for the entire engineering complement assigned to  no i sy  spaces ,
then by e x t r a p o l a t i o n  i t  is poss ib l e  to  e s t i m a t e  the t o t a l  numbe r
of crewmen , for  an average manning situation , who are overexposed

under  the  d i l f f ’eren t  noise s t anda rds . Tables ~4 .9, ~~~~~ and 14 .13
show t h e  e s t i m a t e d  n u m b e r s  of ov€ r e xn o s e - i  p e r s o n n e l  f ar  each sh ip

class. These data reflect t he  e : : t i m a te d  s i t u a t i o n  f u r  iv i s i o n s

A , B, and P of the Engineering Departments or, the FF 1052 class ships

and P Div ision on the DL 9~~~’s. Thus  D~~v is~~on s E and H have not
been e v a lu a ted  for  e i t h e r  c lass  ~rd are n o t  r e f l e c t e d  in the
e x t r a p o l a t e d  r e su l t s  of o v e r e x p o su r e .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-~~~~~
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TA BLE 4 . 1  PERSONNEL RATE * V S .  LOCATION MAN NUMBER

FF 1052 DD 963
FIREROOM ENGINE ROOM ENGINE ROOM AUX . MACH. RM.

Man No. Ra te Man No. Rate Man No. Rate Man No . Rate

1 BTFA 1 EN3 1 FN 1 EN2

2 BTFA 2 EN 2 FA 2 FA

3 BTFN 3 MM2 3
14 BTFN 24 MM 14 EN2
5 BT3 5 FN 5
6 BTFN 6 FN
7 BT2 7

BTFN 8 MMFN
9 BTl 9 MMC

10 BTFN

11 BT1

12

* E and R Division personne l from the Engineering Deparments of

either ship class were not evaluated in this study .

- 
-
‘ 1-

_________________ —I- - - ~~~~~~~~~ • 

•— P..— 
__________________
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TABLE 4.2 F F 1052 CLASS PERS O NNEL EXCEE D ING THE
SPACE CATEG ORY $ J D H noise limit of 90 ~!BA

___________ ________ _______________________________________________________________________________________

SHIPS OPERAT FI G MO DE

In— ° ort Un derway, Knots

Duty M an No. Cold Aux .
4 Roori j  Iron Steams 5- 1 0 14 - 1 6 20 26-28

1 x x x
2 X X X

3 X H X

24 X X X

5 H X H H
6 x x x x

7 X X H X

8 x x x x
9 X H H X iJ

0 X X L

To ta l  ~~~~er  
—_____ —

S u r v ~~’ed 21 13 21 21 21

N u ri be r
O v e r e x p o s e d  0 17 29 20 20

E
L.~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~ _ _ _ _ _ _ _ _ _  _ _ _ _
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TABLE 4.3 FE 1052 CLASS PE RSONNEL - DAILY NOISE DOSE RANGE

UNDER CURRENT OSHA /BUMED STANDARDS (INCLUDE 90 dBA AND ABOVE) FOR

THE REPORTED EXPOSU RE TIMES

SHIPS OPERATING MODE *

1n-Port 
_______ 

Underwa y, Knots  -—

Duty Man No. Cold Aux .
Room 

________ 
Iron Steam 5-10 14-16 20 26-28

1 0 0 0.2 2 . 0 — 2 . 6 3 .3— 24 .3 6.2—8.1

2 0 0 0.0.1 1.6—2 .1 2. 24—3.2 3.9—5.0

3 0 0 0.0.1 1.6—2.1 2.6—3.5 14.9— 6.1

14 0 0 0 0.14-0.9 1.6-2.2 2.3-3.2

E 5 0 0 0.0.24 2.2—2.7 3,7_t .5 6.5—7.5

6 0 0 2.24-3.0 3.5-24.3 6.7-8. 1 9.24-11.14

7 0 0—0.6 2.5—3.1 14 . 3 — 5 . 1  7.5—8.7
8 0.1—0.7 0 0.2—1.1 1.9-2.9 2.8-14.2 14.2-6.24

9 0 0 0—0.2 0—0.6 0—1.1 0—1.7

10 0.1 0 0 1.14_2.l 14.0—5.1 6.0—9.3

11 0 0 0—0.5 1.9—2 .b 3 .3—~’ .0 5 . 3 — 6 . 3
12 0 0 1.1—1.3 1.9—2.8 3.L4~ 14 ,9 14 .8—7.3

1 0 — 0 2.2—3 .0 2.6—3.9 6.0—8.0

2 0 .5  — 1.1 1.3 1.6 2 . 3

E 3 0.9—1.7 0.8— 1.5 0. 5— 1.~4 0 . 7 — 2 . 7  0 .9 ’ -2 . 3  1.14— 3.7
14 0.3—0.5 — l .1— 1.~ 1. 7 — 2 . 5  2 . 1 — 3 . 2  3 . 0 — 1 4 . 6

5 0 - o.14— o .~ 0.6-1.1 0 .8-1 .6  1 .3 -2 .6

• 6 0 - 0.3-0.~ 0. 24- 1.1 0 .6 -1.5  0 . 9 - 2 . 3
7 0 — 1 .2—2. :  1 . 5 — 2 . 5  2 . 0 — 3 . 24 3 . 2 — 5 . 1 4
8 0 . 2 4 — 0 . 8  — 2 . 1—2 .~ ~~~~~~~ 3 . 3 — 2 4 .14 5 . 3 — 7 . 1
9 0 — 0 0 0 0

TOTAL NU M BE D

~U R V E Y E D  21 13 21 21 21 21

NUMBER
O V E R E X P O S E D  0 — _ i  i~-l 6— 8 i~ — i8 16—20 18_20J

* Assume s f u l l  da i ly  e x p o s ur e  for  each  mode .

~03~

- i

~

•

~

- ~~~~~~~~~~~~~~~~~~~
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TABLE 4.4 FE 1052 CLASS PERSONNEL - DAILY NOISE DOSE RANGE

UNDER PROPOSED OSHA STAND ARD (INCLUDE 85 dBA AND

A B O V E )  FOR THE REPORTED EX POSURE TIMES

SHIPS O PERATING MODE *

In Port Underwa y, Knots
Duty Man No. Co ld Aux .
Room i Iron Steam 5-10 14- 16 20 26-28

1 0 1. 1- 1.24 1.5-1.9 2 . 0 - 2 4 . 3  3 . 3 _ 2 4 .3 6 . 2 -8 . 1
2 0 1.0 1.2—1.6 1.6—2.1 2.i4—3 .2 3.9—5.0

3 0 1.1 1.2— 1.6 1.6—2.1 2.6—3 .5 24 . 9 — 6 . 1
14 0 1.1 0. 3 — 0 . 8  0 . b— 0 .9  1 . 6 — 2 . 2  2.3—3.2

E 5 0 1.1 1 . 6 — 2 .0  2 . 2 — 2 . 7  3 . 7 — 1 4 . 5  6 . 5 — 7 . 5
6 0 1.1 2.7-3.2 3 . 5 - 2 4 .3 6 .7 -8 . 1  9.14-11 .14

7 0 0-0.3 1.9-2.14 2.5-3.1 b .3-5.1 7.5-8.7

8 0.1-0.7 0.5 1.7-2 .6 2 .0 -3 .1  3.0-~ .3 ~.3 -6 . 5
9 0 0 Q _ 9 • 14 0 — 0 . 6  9— 1. 1 0— 1.7
10 0.2 0 l . 7 — 2 . 2 2 . l — 2 . 3 4 . 0— 5 . 1 E . 0 — 8 . 3
11 0 0. 7-1.1 1.24- 1.8 l .9-2.~ 3 . 3_ b .Q 5 . 3 - 6 . 3

_ _ _ _ _  
12 0 0. 5 1.14- 2 .0  1 .9-2 .8 3 . b_ 24 .9 b .8-7 .3
1 0 .3 - 0 .6  - 1 .3- l . 7 2 . 2 - 3 . 1 2 . 6 - 3 . 9 6 . 0 - 9 . 0
2 0. 8 — 1.1 1.3 1.6 2. 3

3 1.8-2.6 1.9-2 .6 0 .5_ l . b 0. 7-1.7 0 .9 -2 . 3  1 .2 4 - 3 . 7
14 0 . 7 — 1 . 1  — 1. 14~~2 . 1  1. 7 — 2 . 5  2 . 1 — 3 . 2  3 . 0 — 1 4 .6

5 0 .3 -0 .6  - 0 . 1 4- 0 . 8  0 .6-1.1  0 .8- 1.6 1.3-2.6
6 0 — 0 . 3 — 0 . 8  0. 2~~1.l 0. 6 — 1 . 5  0 . 9 — 2 . 3
7 0 . 2  — 1.2-2 .1  1 . 5 — 2 . 5  2 . 0 — 3 . b 3 .2 - 5 . 1 4
8 0.7—1.5 — 2 . ? — ° .9 2 . 5 — 3 . 0 3 . 3 — 1 4 .5 5 . 3 — 7 . 1

_ _ _  9 0 — 2 0 0 0

TOTAL NUMBER .~ •S U R V E Y E D  21 1 . 2~ 21 21 21

OVEREXPOSED l-3 7 15 -  16 15 -_18~~~~~- 2 0  18 - 20~

~Assumes full d~ i1y ex~ osure for each node .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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TABLE 4.5 DO 963 CLASS PERSONNEL EXCEEDING THE SPACE

CATEGORY UDII NOISE LIMIT OF 90 dBA

SHIPS OPERATING MODE

- 
• In Port U nderway, Knots

Duty Man No. Cold A u x .
Room i Iron Steam 8* 15 20 27

1 * x
E 2 x * x x
0

3 X * X X
0~ 24 x * x x x

_ _ _ _  

* : : :
)< 0 0

T O T A L  N U M B E R
SURVEYED 7 5 2 7 7 7

N U MB F R
OVEREXPOSED 1 14 0 6 6 6

* Noise level data for this mode are not available fcr the
engine rooms.

—:5—

_ _ _ _ _ _ _ _ _ _  .1
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TABLE 4.6 00 .63 C L 7 O S  P~ RS 0NM EL - fl AIL ’ :O ISE DOSE RA NGE

U N DER CURREMT O S H A / B L M E O  S T P N O L’ \ P DS FOR P E P O R T E D
E X P O S U R E  Ti ES

• S H i P S  O P E R A T I N G  M ODE *

In Port  U n d e r w a y ,  K n o t s

Duty Man No. C o l d  A u x .
Room I ron S t e a m  8** 20 27 

—

1 0 - - 1.6- ~~. ~~~~~~~ 1. 9 - 2 .8
E 2 1 ~~~— _ i. l — 1. L _ 2 . 2  1.~~— ’ .1 1.7—2.5

0 0.~ — 0.7 -1 .6 1 . € — i . 5  0.T~~l . 6
• 24 0 I. - — 0.8 -• � 1-.1.~ 2.C’--2 .c 2. — 2.9

5 0 — - oH - : O : 8 _~~~ 5 0 . 8 - 1 . 5

>., ~~

1 0-0.8 ).l.C.9 — 0 . 7 — ~~.2 l.2— .E .7—1. 3

2 0 0 0 0 0
~~ 0 0
~~

TOTAL NUMBER = -7 7 7
SURVE Y ED

NU~ R F R -.
O V E R E X P O S E D  C 

~~~~~~~ 
0_ ~ 

— 

3- 6

A s s u m e s  f u l l  :1a 1:~’ e x p o s ur e  t o m -  e a c h  ie .

~~~~ ~ o~~se le v e l  data  f o r  t h I s  m o - c c— are r ot ar~ lab Ic fc’~ the ennine

~ocr15 .

—
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TABLE 4 .7
DO 963 CLASS PERSONNEL - DAILY NOISE DOSE RANGE UNDER

PROPOSED OSHA STANDARD FOR REPORTED EXPOSURE T iMES

• SHIPS OPERATING MODE*

IN PORT UNDERWAY KNOTS
H~ 1

Duty Man No~ Cold  A ux .
Room ~~jron S t e a m  8 * * f i 5 _4 20 27

1 0 - - 1 . 7 - 2 . 3 1 . 6 - 2 . 3 2 . 1 - 2 . 9

2 0 1 .5 -2. 1 - l . 6 - 2 . 4 ~l . 5-2 . 2~ 2 . O - 2 . 7

• 3 0 0.5 - 0 .7 -l. 6O .6-l. 5~ O .7- l .6~

4 0 l . O - l . ~ - 2 . 1 - 2 . 9  ~. O - 2 . 8 I 2 . 1 - 2 . 9 !
0 5 0 - I - ‘ 1 . 3 - 2 . 1  1 . 2 - 1 . 9 1 . 4 - 2 . 1

_ -

~~~~~~~~~~~~~~

_

1 10 .4-1.2 O .7- 1.5~ - 1.O-1. 6~~. 5 - 2 . 0 1 . O - l . 6 l
>~~>~ 

I

2 O . 9 - l .2 O . 9 - 1 . 2 0 . 9 - 1 . 2 ~ O .9 - l . 2 ~~. 9 - 1 . 2 1 O . 9 - 1 . 2 ~
x 00  I

~~~r O 0  -

_

Tota l  Nu mber • 
-

Surveyed 7 5 1 7 7 7

Number
Ove rexposed  0-2 2-4  I 0-i 4 - 7  5 - 7  - 4-7
____________  

_ L~~~- --~~~~ - - - ~~ - - - •~~- -~~ — ____—

* A ssumes  f u l l  da i l y  e x p o s u r e  for each  mode .

** No ise  l eve l  da ta  for t h i s  mode are not a v a i l a b l e
f o r  t h e  e n g i n e  r o o m s .

— 9 7 —

I
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~~~~ 
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TABLE 4 .8 PERCENTAGE OF S U R V E Y E D  PERSONNEL O V E R E X P O S E D

u~ DER CATE G~ RY ‘D ” ~0 ISE CRITERION

PERSONNEL A S S I G ~ MEN T PERCENT RANGE OF OVEREXPOSED
PERSON ~ EL ,

Ship Work M a n power Ave. Total SHIPS O P E R A T I N G  MODE

Clas s  Room D oc(SMD) Man- Sur ~ Cid . Aux. 1 5-10 l4~ l6~ 20 26-78ng veye Irn . St. Kts . K ts. Kts. Kts

1052 Engine  26 18 .0  9 67% 0 785 8 9% 89% 89%
Room
Fire 30 2~~.5 12 75 0 83% :00% 100% 100%

A u x . 1  9 10 .0  0 - - - - - -

A u x .2  — 5.0 0 — — — — — —
ALL 5 7 .5  21

__—~~~~ 0 81% 95 % 95% 95%

96 3 Er ig ine~ - 9 5 0 100% - 100% 1100% 100%
Ro om

Engin ej  - 3 0 - - — I -

Room 2

Aux . 11 — 2 50% 50% 0 50% 50% 50%
8

ALL 

~~~~~~~ 
- 

20 7 
_ _ _  

0 867 865 86 %

TABLE 4.9 EXTRAPOLATED PERSO NN EL* OVEREXPOSURE 
- —

U N D E R C A T E G O R Y  “ D’ NOI SE C R I T E R I O N  •1
_ _  _ _  _ _ _ _ _ _  _ _ _  _ _  _ _  _ _  _  _ _  

r

Ship Work Percent Col d A ux. 5 - 10 14-16 20 26-78
C l a s s  Room ni~~ 

Surveyed Iron St . K t s .  Kts. Kts . Kt s .

105 2 En~~irc e ~8 . o  5 0% 12 0 J. I. E :6 16

~1re Rmi 2 24 .5 505 0 2O~ 224 224 224

A ux. 1~ 10.0 0% ~~~~I — - - - -

Au x . 2 5 . 0  0% — — — — — —

____ ____________  
3 7/ a  22 0 ~7 ~5 55 55

~63~~~n gRm .1~ 5 5 6% 0 — 9~ 
0 9

En~ R m . 2 i 3 :is — — l  — — — —

1a~
1
~~ 1 8 - ~55 

. O i  24
•-~ux. 2 _ _ _  _ _ _ _  I _ _ _  _ _ _ _

j20 ] 3 5 % j 3 ~~~~ 16 I ~~~~ 17 17
* Exclusive of 0-ivision s E on-i R.
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TABLE 4.10 PERCENTAGE OF S U R V E Y E D  PERSONNEL O V E R E X P O S E D

UNDER CURRENT BUMED & OSHA NOISE STANDARDS

PERSON N EL A S S I G~ MEN PERCENT RANGE OF O V E R E X P O S E D
I I PERSONNEL ,%

Ship Work Manpower Ave . T o t a l  SHIPS OPERATING MODE 
_____

C l a s s  Room Doc ( SMD)  Man - Sur - Cl d . I A u x .  5- 10 14 -1 6 20 26-78n i n g  veye I rn . ‘ S t . ~ K t s  . Kts . Kts . Kts
1052 Engine 26 18.0 ~ 0 - 1  0-11~ ~~~-- - 56- 56- 78-

Room I JOS ~9% 8 9% 89%
Fire 30 2 24 .5 12 0 - 17— 835 9 2— 9 2—
Room - 2 5 % 100% 100%
Aux . : 9 10.0 0 — — — — — —
Aux . 2 — 5.0 0 — - - - - —

T~1 ~~ 
• 

7 1— 7 6— 86—ALL 57 .5  
— 

21 (, : _ 5% 0— 56 % 95 % 95%
963 Engine - 9 5 0 0-335~ - 6c- 60- 60-

Room 1 I 100% 100% 100%
Engine - 3 0 - - - - - - 

I

Room 2
Aux . 1 — 2 0 0 0 0—50% 50% 0—50%

Aux . 2 - 
8 0 - - -

~~~~~~ 
— 

~~~~~
- -

ALL 
______ 

— 20 7 0 0—20% 0 1 ~ _____

TABLE 4.11 EXTRAPOLATED A V E R A G E  RANGE OF P E R S O N N E L *  O V E R E X P O S E D

UNDER CURRENT BUMED & OSHA NOISE STANDARDS

Shi Work  Ave . Percent Cold Aux . 5—10 14 - 16 20 26-78
C l a s  Room Surve yed  Iron St . Kts . Kts . Kts . Kts .

1052 En gRm 18.0 50% 0— 2 0— 2 8—1 0 l C— 16 10—16 124 —16
FireRm 2 14 .5 50% 0 0 24 — 6 20 2 3 — 2 2 4  23—214
Aux . 1 10.0 0% — — — — — —

Aux . 2 5.0 0% — — — — — — 

-

ALL 
_ _ _ _  

57.5 37% 0- 3 0- 5 17-22 241-249 1414- 55 24 9 -55

963 ErigRci.1 9 56% 0 0 3 — 6 9 6 6~ ~ari~~r o , . 2 3 O~c — — — —

Aux. 0 25% 0 0 0 0— 14 24 0— 14• Au x .  
____ __________  ________  _____  ____ _____  ____ _____

• • 

ALL 
_______ 

20 35% 0 Q~ 14 0 9—17 11—F 9—17

• 

- 
* E x c i u o i v e  of D iv i s ions  E and R .

— C .I —

-- • • •~~~~~~~~~~~~~~~~~~
• 

• — —---

- •  ---- —---- ~~—— .-- - - ~~~ —--.-- ~-- —.~~—-~ 
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TABLE 4.12 PERCENTAGE OF S U R V E Y E D  P E R S O N N E L  O V E R E X P O S E D

UNDER PROPOSED OSHA NOISE STANDARD

PERSO NN EL A SS I G IthENT 
— 

PERCENT 
PERSO I’~NEL ,%

Ship Work Man p ower ~ A v e . Total 
_____ 

SHIPS _ OPERATING MODE 
______

Class Room D oc (SMD) Man- C i d j A u x . 5 -1 0 14- 1 6 2 0f 26 -78n i n g  ye Irn . S t .  K ts . K t s .  K ts .~ Kts .

1052 Engine 26 18.0 9 11— 11% 5 6— ~- 6 —  58 — 7 8 —
Room 33% 6 7 %  325 89% 8 9%
Fire 30 2 2 4 . 5  12 0 42 — 83% 83% 92— 9 2—
Room 50% 100% 100%
Aux. : 9 10.0 0 — — — I — — —

Aux . 2 — 5 . 0  0 — - — — — -

5- 146- 71- 71- 76- ~ 8E-
ALL 5 7 . 5  21 

~~ 2 4 % 5 2 4 %  
- 

7 6 % 86% 95% 95%
• 963 Engine — 9 5 0 67% — 80— 80— 8 0—

Room : 100% 100% 100%
Engine — 3 0 — — — — — —

Room 2

Aux . 1 — 2 0- 0— 0— 50- I so - ~o—8 100% 100% 100% 100% 100% 100%

Aux . 2 — 0 - — — — — —

0- ~0- 0- 57- 71- 57-
ALL - 20 12 9% 80% 100% 100% ~ 00 % 1100% j

• T ABLE 4.13 EXTRA P O L A T E D  A V E R A G E  RANGE OF P E R S O N N E L * O V E R E X P O S E D

UPIDER PROPOSED OSH~\ NOISE STANDARD

S hipf  Work  P e r c e n t  C o l d  A u x .  5 -10  1 4 - 1 6  20 6 -78
C l a s s  Room S u r v e y e d  I ron S t .  K ts . K t s .  K t s .  K ts .

1052 EngRm 18.0 2- 6 2 10-12 io-i610-1~ 114-16
Fi reRm 2 2 4 . 5  50% 0 10—12 20 

I 
20 23—22423— 214

-~ux .  1 10 .0  0% — — — — — —

~u x . 2 5 .0  0% — — — — — —

ALL 
______  

57 .5 37% 3—8 2C— 31~~1 241 14 9 2 4 2 4 _ 5 5  1 4 9 — 5 5

96 3  EngRml 9 56% 0 6- — 7— 9 7— 9 7— 9
E n :I ~m2 3 0% — — — I — — —

Aux . 1 8 25% 0— 8 0— 8 0— 8 24 — 8 14_ 8 24— 8
_ _ _  

Aux . 2 
_ _ _  _____— - _ _ _  _ _ _ _ _ _  _ _ _  — —

ALL 
______  

20 3o5~ n — t 8 — l E -  j j11—2O 114_2c~~11—20

* Exc l .~~ive of — I v slons  E F .

— : 0 0 —

L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~
- -

~~~~~~ i~~~~~ 
—
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4 .5 (ear1j~ Avera ged Daijyj~oi se Dose

The above results t oint ou~. that for- the 1052 c ’ass  er~n~~r~e room

• p e r s o n n e l , ro an n ur s e r  24 (~~~ v is  o~~, - 0-~ hn~t 1n- ) tul ls- orr-r ox lmate-l y

t h e  rd dd le  by ra nk orde Tho da i ly  no so  d os e  ooro- ’-s . Th u c

roughly  h a l f  of t h a t  a reas ’ r ~ r-~ ~n r e I  m a c e l f -  o r easer  r.o~ se
exposure and half rece~~we le s s .  ~- s 1 r - ~ r~~~~~~ r m ~’~~- ~

- as or. e x a m p l e ,

~t is ~nstruotive to b o x  ao or; opoo-~O . r.n - u-- — .-:’-~:xmtc-o or “ y e c o ly

avera;:ed ” daily noise Ur,se. All ex~ stino • i ~ ~~~ xhtau rc ~. se
exposure crIteria are o~ drecsed to e x r o s u m c - -~ r . a d i u r n a l  b a s i s

(except in the cr op -ose d  0~~bA standard too on Ir.0lv1 d~~o~ who is

exposed to excess ive noise for only one day in any week). The

yearly a v e ra x l nr  ar-s ro~~oh t ax e s  i r t a  c o n s I d e r a t i o n  t h -  f o o t  t h a t  t h e

sh ip ’ s o n e m a t in p  n o d e s  v a r y  r. a certain ~ — n ema1 throughout

the  course  of a ye -ar .  ys i n~ t h e  A 0 0  ~re7c ~ nt a? t ir e  In  mode ”

Information presented and dl ussed ~~~~~. ?oe~ or, 3 . 2 , is p o s s i b l e
to  ar r ive  at a y e a r l y  overorco  d aI l y  n-~ lr ’ e d o s e  ( l . 0 . ~~. ) w h t h e

F fo l lo w i  ~~ formul at ion :

= (o ) (0— ‘line )

w h e r e  ~ refers to the II fferen ’ or . e ra~ 
- n-c

The ye or ~~ •- o vero r ed  da~ l:; m o i r e  i so moo~~-s for ‘ n- c c r r  e

men are ~“ :v-o r ~n m
~~~b 1 e  ~.l14 ~~~~~~~~ ~~ ~~~~ ~~~ ~-~~~-o--

4 .6  S u m m a ~ y of N o i  se E~ posu t e _ Pr ~~h i c — s

It is w r r -~r en t  f r ~~n t h ’~ ~~ r e~ ~~ 
c~~~~’ , ’

e x r o s u r c - a?  p e m s a m o r c ~1 ur i -: ’ t f e •  24: - - - - cm - . t • - m - ’ -~ ~ V- - r :  s
. - S ~ve fer s - t b  r h T r  c 1 a s : — ~s m - , b~- ex~ 

- • 
• • 7 • ~~~~~ ~- -~~o€-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  _ _  _ _ _ _ _
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Report No. 3410 Bol t Berane k and Newman Inc.

d i f f e r s  b o t h  as to noise overexcosure and rer-c€ - r i  aye or.  n -crobe r
of overexposed personnel.

The d a i ly  no i se  dose uno e r  t w o  -c a r m en ’ Ot AIFI ’:Eo n~ cc s t a n d a r d s
ranges from 0--ll.~ ( 2 . 2 2  near: ar c  2 . 3  s t a n -cor ’~ .ev ~~at r n )  fo r  the
FF 1052 class  enolr eerin o p e r s on n e l  acm ss tb - - sb~ ~ s err-; ~r~r

modes. For the  LD 963 class e-mrenna l , t h e  - ~~~~
- noise d ose mo na co

from 0 — 2.9 (1.13 neon and 0.84 standard d--1 ~~ai .a). That rea r s

t ha t  the FE 1052 enoineermna r€ - rorannel excee I r~ current s t a n da r d s

by -as mu- -rh as 1, 000 % ( 122% a v e r u r - -o ) ~- n ~ le the ex c e s s  e x r o s  crc
peaks at 19 0% ( 13 % averano ) for the hO 9 6 5  c l a s s  c - w s  Her- inc all
oper a t i n g  modes .

As far as perc ent of en;- :I ree r i ng p e r s o nn e l  o- ;erexr  or e- c , t h e  two

s h i p  c l a s s e s  are moore even w i t h  t b :  I - F  lOt  2 b ay l o r  a sb i r h t l y
grea t e r  p r o b l e m .  For t h e  c u rr en t  s; aric ar- Is , be percent are ranges
of overexposed er~yinee~~Iwr personnel for certa H. sr-aces in both

the FF 1052 and DD 963 classes acre from 0—I00 ~ far al l  o p a m - a t i n r
modes. The F~- 1052 averages  ~9 % o-ierexr osed c n i l e  the  DD 963
averages 2 4 2 %  o ’ ierexp osed  en~~ineer-ir , r s-or;r:el across the

operatiny modes .

Cans i lerir y the n’crohor of overesr ores - w -~~ e-o r~ cre~~.~ n on ea ch
ship  for  the two  c l a s ses , th e re  are e x r  e~ t~ -i o La on avemare of
24 on the FE 1052 and 8 or. the DD C5~ ‘s • averaxec across- the

ship ’s o~ e rat  !ng mo o-des.  T h er e  nun~ ers are e;-:oboc ve a? F awo F.

Div s i a n  r e r ’sor : t i el  f or  b o t h  Sb c l a s se s  .

-— — —p_ Ma ~~~~~~ - — - —-• - —.---—---- ~ -—-- - - -—__-~~— 

__
___ _ __a~ - ~~~~~~~~~~ ——--- -• -—-— —
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V . CO~ CL U S I O~ S

5 .1 I n t r o d u c t i o n

Tki- ~ ri : t sc r~ of  th~ a.c sc-ss::.- : w t  ;rc ’cei f o r  ~ co~~o a t l  r o l s .  c:xp :rwrr

r-~ f l e ct s  toe fact t;~~ t t I e  -cor r:otati on of n o I se  c : : ros~~m- : is cot-c lex

envi r orc o-ant s , so a. a: tw~ r : i l p h o a : -c c it  so t b o r , ic r - : ;  a sir.p IC

exer cise oat  a o o. r l b c a t .~-c s r - c o o  r a re  - th e  rancem of rararreters

t oOt ro~ st be e v a b a a t c - i .  r • 1 p lc;-:Yy ; o n o o cs  that soc-c- level

~f acc~ r- y se :wI~ talwec so tb -at th~ e f f - - - -t of ‘:arH-os stan —b ras

nay b-~ s~aper1y -~s:-~ssec . Forc ;c- :-rr:-c , ti.~ :osstos~t lab coor

arcosH:ce-J - - - Ira Sof b o a r - a  n o i s e  c o t c r : c  s~~a y . c c t  t o ot  on a c cu r a t e

-ab ag nos i :  of to- : rracr Hemy ~ -a-re n o i s e  p o o r  Ha.: in e a ch  s h ip  c lass

sw~~5l-a be ma-a- -. ~~fore clossai-d e cur - I - c-c ’ ‘- -‘c act Hos are lol tiated.

5 .2 No ise  Da ta Base

Ab o n o - ~dh no C c n t : - ~~_ soar-i : : - o i r w t b o : :  :-:c-: 2:-cod oc~or:g the  var ious
kavy sou r- cc-s ;hi cr ao~~~H- c- a i r - a r  roe  n o i s e  coca  aboar d shl~~s , t h e

d a ta  c o l le ot e a  rare ~~ao-c to cc a i c i , a t c  for -  the c o r : p u r a t ~ on of

oa ls -a e~ r ;-sure  rh~ c ar e  of t h e  F~ ~352 cH ~r s .  A r i s e  da t a  c-n

the ;;e-,-,’ DC 96 3 cb s0 or e- v o r y  l i r A t _ -a sac to Its relatively

r e c en t  c or : - : b s s I_ n l n g  on-c or - c - c- 0 w c b a e r e a  ::.or ’~~in a  In e x t e n t .  Only

noose - a w t O  c o c r r - c o t - c -  to toe  so ; p  H c era cog : a a e r  v-ore of value

- -  t oe  i-: t I ~r o in a t i~~o of rer s or n-e l morrIs- ;- expc :ure

DiwAnostoc a o l ; -  :-a: - -IC - r ota , v o t a l to ta--c cncersta ;ciag ora ccot rc o

cf the ooIc -~’ pooch -a-., woo foan-~ t j  L~ lirite.i I . ; r r w at i t y  and exte nt.

:r e~ ~~e , n~Hc c -  c~~tw I c r  ~a l y  o r  y e  DC 263 class s ; p  was
c a :-: st  -wo o -:a: c- :;fh; c’ cc toe a Ire -c -asp wr ’ t rrreae : on l y . An

ilt C ?  t o Y s  sr ~~~ y w a s  a -- .o. trw clasal: Hratlon ama

a r _ C a S I O ; :  or  : - ij  On e  : - I : ’ c r : c - c  n o I s e  — i a - o r  a v o H :He r-:~~ h~ n ~he

~~vy r u m  t he 0-.rc ship cl 0 0 5 - c  mro - : t H t t e J .

¼ ,

-

- ______ ___________________________
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5.3 Dura t i on  of Dut y Data Base

The data base necessary to desc rbrre the  personnel work assignments ,

on a l oca t i on  by loca t ion  basis  Is: machInery compartments , is non—
existent wi th in  the  Aavy ; at  least , the researchers  were not able

to uncover  any sou rces .  The t ime and l oca t i on  da ta  r e p or t e d  herein
were co l l ec ted  d u r i n g  th i s  p r o j e c t  by me ans of a qu e s t io n n a i r e
which was administered on a very limIted scale . As a result , the

accuracy of this Input may be c on s t r u e d  as a first approximation .

however , the viability of acquiring these data mo as been d e r n o n s t r a —
C tea. It is suggested that EFr I U units modify slightly their data

acquisition procedures to  accommodate thls requirement (See Chapter 6).

5.4 Personne l  Exposu re

The reported results of p e r s on n e l  n o i se  exposure  In shIpboard
machinery compartments shows that , In general , crew exposure s

are excessive regardless of the standard considered. t%ost imopor—

tant to realize , however , is that by following the procedure s of

the model , an accurate , qrcant -Ltatire descri ption of individual

noise exposure can be obtaIned. 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 q u a n t i t a t i v e  d e s c rip t I on  of crew n o I s e  exposure does not result

f ro m the  cu r ren t  p r o c e d u r e s  used by  t he  N avy . A l t h o u g h  B~~- E D i N E T
6 0 12 . 613 s p e c i f i c a l ly  cal ls  for no i se  exposu r e  assessrr .ent , t he

c ur r e n t  p r a c t i c e  Is oas ical ly l irr I t e J  t o area  or l o c a t I o n  n o i s e
rre as-a :’crerr ts . Li t t l e  e f f o r t  I: b e I n g  made  to q u ant i f ; - ’ t he  ou ra t~~on
of the onco  ;~ c-ua~ s du t y  lo vurl c.us hazardo-i s n o I s e  e n v I r o n m e n t s .
Th e p ara me ter of u~ r a t b o n is e s-e en  lab In the ccrrputatl :r. of

p e r o ~~rr r ;e1 noise ex~ osare .

I-i

. 1

— 1 0 % —

- -~~ —,-—-— —-
--_ 
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Th e p e r s o n n e l  n~~ls~- ex1.:sur-~ coop .~tat± cmo s so:;-: a n u m s e r  of s ig n i —
t i c a n t r e s u l t s .  F l -m sr  of  ab , as an i :l c a ;eu , toe r oagn lt ude and
ex ten t  of overexposur-~- a r o  rr ’ ca ly  icr  - - o  : ent  ocr the orerational

mo d es  of one shlc  ; h L g ~.er speeds r:: H : . I g h e r  noIse levels

an-i an inc rease  In the manse ! c-: rca - n o c -- - r- -~xr:r sed . This fa c t

is especially c-wi - coo t la: th~ ~O~ 2 cias: where- one numb er  of
peopl e ove rexposed  ‘Ja r i- r a  f r om 0 to at -~o 1 I I r o n  and up to 18—2 0
when und erway  at 27 k n o t s  (5~ - - : Thale —~ . ) .  E l n I l a r l y ,  the ma gnI-
t ude cf r o e r e x po sa r e  : a 2  w ar ,- :~ cOO f r o m  b . -: to  hI gh s p e e d s .

Ceco ndl;: , tne var iat I -a n br ,  Oh ’:- ex t e n o  ani m a g n i t u d e  of overexposure ,
as calc0lated uric: ub f f- ;-r-en; :ttoi~ rd: , is most  e v I d e n t  in port
and at low speeds .  Icr  exam- p ie , voi le  1: —po r t , the  p r e s e n t  OSHA/

~~ i-~~D s t a nu am s  :-e :uots  on 0— 1 :rc -n c v er e x p o s er r  for  cola iron and
0—1 men fo r  - a a x b l b a r y  s t eamln :~ (S ee Hole 24.3). How ever , the pro—

pc-s e i  DAHA st-on -c a r--c gi ves 1—3 men ove rexposed  f o r  co Th iron  an d

6—7 men for auxiliary steaming ( T a L l c -  24 . - i ) .

A t medi a:: to hogn speed , s pe c I f I c - a l ly  toe 15 ar 1 c-t s, 20 knot s and
thu 27 knots scs—mc -:~ s ,all standarc s snow the crajcrity of the

surveyed crew o v e r c -x p o s e d  t o  no i s e- . i - o r  the  I-F 1052 class the

number  of’ or -ewmeiad er -c  o v u r e x p o c - - :  I v a r i e r  f~~c-::; 71 to 5~AI of  all
c rc:-; m e n n e r s  s~~r ’v e y c - a ;  On e o o ;r e r p : a  ;Io~ f I g u r e s  for the DD 9 6 3
range :d- c. —+ 3 t o  100% (Fee T :alec 1 . a , 24 .9  ar -i 4 . 10) .  The

m a g n i t c -:- :2 o’~er -e- ;-rp osure 2 c r -  so:- e b n d i v i i . s o l s  are as high as
1000%! (See Hale - L I , L .~~E , and c .3).

The :-eso.;ts of ob~ a: bar e e:-:~~osUru co:.pUtOtl:ri S c r ow :  the  f lex-
ib i l i ty  o r~ the  ms — a - a l in c:--r r ro : ’io .c - a - c - r st i o r : a l  n ode s an d s t a n d a r d s
on ark I:;aiwl;ro~ or overall or-c:: basIs. The r e s u l t i ng  cnoc :ledge

of the  :oa C :iit .o~; - s  ol -overexp-ooao’ - i s  an ;:. . c c r t - c n t  e~ c-rr en t  to be
consbiere-a ;-;her dc-cisI cn s arc- t .~ be ma c-c ccrcem nirg the noise

c- or ;t r -a- ~ ;‘ - - o a i ’ : i  to  meet; a sm e c if ie c st an i -ar

— H 7 —  ~~
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5 . 5  No ise  S tanda rds  vs.  D u r a t i o n  of Ex posu re

As H o f t en  toe case in research , the  r e s u l t s  of a s tad y  a s se s s—
r r :-- C t I F O V I - d - r  some answers  b u t  also generate  more a - a e s t i o n s ;  in
this I n c ’anc e, qu- - - :rtiono re~ ardIng the interpretation of standards.

For example , t h e  CAHA standards were developed assuming an extended

exposure ,over’ a num ber of years , to occupational noise levels.

Furthermore , t he  OSHA s t andards  are p red ica ted  on the  a s s u m p t i o n
that after every daily exposure a significant recovery period occurs.

The Davy sh t p L c a r - d  e n v ir o n m e nt s  however , d i f f e r in a number of ways
from t h e  foregoino- assumptions .

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

for the boron term . In f ac t , -due to the  varied ope ra t i ona l  modes
of the ship, excessive exposure may be l im i t e d  to only a few m o n t h s

per year. Secondly, and again over the long term , engineering

sp ace crew rr er :bers are lIr:.ited in their exposure due- to the  l eng th
of the i r  tour  of - d u t y .  Both of t hese  c o n s i d e r a t i o n s  would  i n d i c a t e
that the sh ip board noise environment is not as severe as the

industrial environ-’- ~~ for  w h i c h  t h - ’  OSHA s t a nd a r d  was developed .
However , there are t;-:o ether considerations which suggest just the

opposite concla3ion. First , while exposed to excessive noise levels ,

the s h in ’ s ore ;’; o f t e n  :- . ss t  p e r f o r m  t h e i r  d u t i e s  for  ex t ended  per iods
of t i m e , well beyond t h e  indu str irìh exrerience. Thrk  d a y s  of 12 hours ,

16 hours , or more are not  u n o c ru non and  for  some r e a d i n e s s  c o n d i t i o n s  are
no mm :i l . Second  l y ,  t he  s h i p ’ s rer ’sor ~nel , -nd 1-c at sea , r e p r e s en t s
a. c— i ,r - t i v e  O k  ::ence. The n- cove-my t He asrume :~ by C H A  for  the
i n d u st r i a l  w mar er ’ o f t e n  doe s  n ct  0c c- c r on h o ar d  c h i n  s nce m a n y

n o n — e n g i neer  ;- spaces , ;-:h c-ro the ~‘ r c - w  sp e n d s  t h eir  o f f — d u t y
h c - A rs , are also conp r i r’ - C t  i v o l y  n sy. Th- -- fo re~ nd;;g c o n s i d e r a t i o n s ,
couple -c wi h the lac2 of’ sufficien t n so ex~ asure data t o  account - -

for the of?— In y c e n t - : -  Hut os dur  h.g the dH f e ; - er .t o p e r o t i n a

-1 0- -

[1~~~ 
-
_ _- — - -  -

~~~~

- - --—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—-—-—

~~~~~~ 

-

~~~~ 
_ _ _ _ _ _ _ _



-~~ -~~ -~~ 

~~~~~~ ‘~~~~~r-~~~~~~~~ 
—

1~~~
Repor t  34 10 B o l t  B e r a n e k  and Newman Inc .

mode s , make It  d i f f icu l t  to c o m p u t e  an a c t u a l  dai ly  no i se  dose
accoun t i ng  fo r  b o t h  on and o f f — d u t y  c o n t r i b u t i o n s . Ther e fore ,

although the procedures suggested in thIs report do provIde an

accurate r n e t h o o .  for c om p u t i n g  p e r s o nn e l  noise  exposu re  u n d e r
p resen t  s t andards , the  a p p l I c a b i l i t y  of t he se  s t a n d a r d s  to  the
shipsoara situation may be seriously c-cestione-d .

5 .6 Applicability of the Noise Exposure and Noise Control Model

c-yen Ono~ gh this p roj ect Is j I n I t e d  to t h e -  e v a l u a t i o n  :2

spaces on or-ic s-~~p classes (Th 1O~ 2 ama H 263) and- c c - b  f’ . r’ or-.:

asse ssroc -r i t of nai sc - -  ex p o s u r e , r o b e cont rol , ams c o s t s  Is 3 ’ ? Y ’ l l

and appl lcaole  to any  s -nap  coo-cs r O r- c - f eet. ~r e  n oae  n ay  a~ so
be ea s i l y  ~pp b!ed  t o noI se  exposure  ew d l l a t i o r i  ov er  th e  e n t I r e
2 4—hour  day p rov ide d t h a t  an a p p r o p r i a t e  2 2 4 — n o - c r  n o i s e  s t a n d a r d
is ava i l ab le .

The s t r eng th  of th e  m o d e l  r e p o r t e d  h e r - a I r; is d e r i v e d  fr o m  ta- c

f actors : ( a )  The a c c u r a cy  of toc -  da ta  ba se  ar;i ; ( b )  tb c-  sy s t e —
matHs approach to toe computation arid evabuati co of on e  exposure

p r o b l e m  an-i cos t s  a s soc Iat ed  w i t h  any  no ise - :oot .O c e f f o r t . . The

-aa’oa base format allows for an ~ar’ganioeu : -:aba~ OH:. of O n e  d a t a

and ea sy  add i t i on  of nc - -; In f o r m a t i o n  as i t  c e - c o m e s  a v a I l a b l e .  The
computation and evaluati a-ro crocedur- e lords lose-Il to c o m p -a t e r l z a t l o n ,
If au - s i r e d .  The nc- I re  r e d u c t i o n  r e c u i r e m u n t s -  p m o c : - a u m c - , source
e~~~lua ~ x o~~, ~~~~~~~~ ~ost am~~~~ o~~s p rov i~ c use r  ~~th t~~e ab~~~I t y

so c :;aert-aae cost  e s t i m a t l  and cos t  t r a d e — o f f  s t- c d i e s  In c r - icr
t o -O~~t~JOi zC the -  -:-o~~t — u e ne : ot r e i a t l o : ; s c r o p  ~r - n o o s e  a r a t e r c e r t

_ 1 0 2 .
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V I .  R E C O M M E N D A T I O N S

This chapter contains the recommendations for improved data

acquIs i t ion  procedures and fu r the r  research in personne l  noise
exposure/shipboard noise control problems .

6 . 1  ~~~~ç v e m ent  in Navy Sh ipboard  No ise  Measurements

One of the main results of this study has been the documentation - 
-

of the  va r ia t ion  in mrocedures  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

a c q u i s i t i o n  p roce dures  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 shor tcomings  may be alleviated by a modest amount  of
s t anda rd i za tion  and ex t ra  e f f o r t  on the part of the  measuring
organizations. Specifically, the following steps are recommended :

1. Standard measurement locations s h o u l d  be adopted for each

class ship In question . These locations should include

work areas , watch  s t a t i o n s , ar r i near m a c h i n e r y  r eq u i r i n g
frequent maintenance. The- locations adopted for this

study are recorrsoendod for  the  FF 1052 and DD 963 c lass
ships , see A p p e n d i x  3.

2. The number -ar1-d type of rrr - c a su r e r n e - n t s  should be standardized.

All no i se  surveys  should Inclue  “A—we i ghted” sound level
measurements at a minimu m of s ix  loca t ions  on each level
of each engineering space. The EPHU sr-r’-seys ore usually

performed thIs way, b a t  the DSRDC Category “H” compl iance

-111-
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checks are not . Oc tav e  band and one—th i rd  oc tave  band
ana lyses  ar-u not of cn lve r sal  in te res t  and may be made
at the convenience of the  measur ing  o rgan i za t i on .  F i n a l ly ,
the sound level at a locat ion  should be sp ace  aver -an ed
by moving the microphone about a circle at eye heIght and

v i s u a l l y  averaging t h e  meter  reading .

3. The noHe related ship ’s operating parameters should be

l is t-s d w i t h  each no ise  survey . These paramete rs  inc lude
the sh i p  ‘ S operating mode and the m a c h i n e ry  l i n e — u p  In
the particular compartment . The purpose of documentIng 

—

the  exact machinery line—up is to Identify variations

from t h e  n om i n a l  l Ine—u p for  the p a r t i c u l a r  ope ra t ing
m o d e .  The reco rmoe rr i ed op e r a t i n g  mode c l a s si f i c a t i o n s
are as fo l lows :

a)  In—Por t

Cold Iron
• Au x i l i a r y  power or a i o : ~t I i - ~ry s teaming

b) Tn der wai v (to be ad ,iusted to the ship ’ s PHI one-ed)

8 ± 4 knots
• 15 ± 2 knots

• 20 ± 5, —2 knots
• 

~~~~
‘ ± 1 kno t s

24 . The “A—weighted ” no ’ se l’:-vel history for  e a c h  shIp  class

should be maintained and a nor-n estabi shed.

— Ll2—
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6.2 Improvement of Personnel A s s i g n m e n t Data Base

The questionnaire used in th is s t u d y a-as too cum bersome and complex

to be utilized for future data acaulsftb co rurposes. A detailed and

- 

- 

time consuming survey is necessary , h o w e v e r , if  -ondy a fe - -; s h i p s

are used to aevelop a data base .

On the other hand , If data from a large samp H o±~ ship s is gathered ,

then by relying on such a large sample a-c can sIgnIfIcantly reduce

the complex nature of t h e  q u e s t icn n aI r ~~. H is ocr’ r - e c c n r o e n d at l cn ,
t he re fo re , tha t  the  E F D T  noise survey procedures be standardIzed

throughout the Davy an -i also be modified to Include pe r sonne l
assignment oata. The fo l low ing IS a suggested p ro ce d u r e  w h I c h

should be the focus of further invesr~~~at I - o o and s c r u t in y  before

it is adopted.

— 

During the course of each noise  level su r v e y  o± e n g i n e e r i n g  spaces

(may be extended to off— -duty spaces w i t h  the  a d o p t i o n  of an a p p r o -

p r i a t e  exposure criteria), the person nosing the noise- measurements

should ask the following qu e s t I o n s  of personnel in the ~n ’media t e
vicinity of the meas-cr’en-:-nt site:

1. Tha t  is y o u r  b i l i C t  n u o c e r  and r a t I ng ?

2. Are y o u  a w a t c h  s t a n d e r  or do you  a c c o m p a n y  a a - a t - o h St  :~n d er
as p a r t  of your tr ainIng ?

3. On a daily and w c - e - : I y  s as is , a p p r o x i m a t e - I : -- n rm-: m u c h  wo rk  t im e

(uxolusivc- of ;-;~ t -:n duty) ~o yr- u op - e n d  a t  this lo c at i o n ?

4 . Lisewlse , ;m a -  m a c n  :st~~~: t i . cc - is sp~ n a I this location?

Once those collecting t h c - - s e  ca~ a ~m c e r s t a n i t n -c- i nt e n t , th~~se

q u :- s tH n s  c o u l d  b c -  sI:.~ liThe : In, ta~ ,i~ r ?Trm as ~n he foll’~--Y~.g

ex - o rr p le

—11 .
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~easurement Cre~-rmar~~~~~~~~~~fWaoch stander Hours per day/week
Location Pillet Do. R a t e  or T n a f n e e  ~/ )  at t h i s  L o c a t i  err
________ - 

work U a tch

FLW 1 O i 3~ C H3 2/l~ c/32

_ _ _  _ _ _ _  _ ~~L_.
----~

The a s s um p t i on  for t h i s  s l r o c l i f i e d  an p r o a c h  Is t h a t  Is. surveyIng

an entire ship class , mast of the assIgned bIllet numbers or rates

w i l l  be c o v e r e d .  I t  ;-:Ill nct be necessary to seek out IndIvIduals

who are not near to t h e  acyroprlate measu rement sites , sInce for

a large n u m b e r  of samples t h eI r  correspo nding bIllet number and

rate will be surveyed near measurement sites or . other vessels.

It is obvious- then that a ccmp-ilat~ on of t h e s e  d a t a  for  a g Iven
ship class is essential to be able to ec-aluate personnel noIse ex-

posure in a systematic way .

6 . 3  ~~~~~~~m e n t  of son n N o i s e  E x p o s u r e _ M e a s u r e m e n t s

The d e t e r m in a t i o n  of d a i l y  no i s e  dose un ( I e r’ very comd ex situatIons

can be s im p l i f ie d us i n g a r e r s o nal rr c~ se dosImeter. The dosimeter

must be attached to the crc - -moan ;-:hi ~e roe so-owes f r o m  l o c a t i o n  t o
l oca tI on  so t ha t  it c—a n t  ir ;uo - ;r - I v  m - n i  t ore the a-ar-H noIse environ-
m e n t s  to w h i c h  he is expos ed. The n o i s e  dos imeter Is therefore

very u s e f u l  ~n c a l i br a t i o n  the  scr ’ve : . - or o c e d u re s  o u t l I n e d  in toe

m o d e l .

:-:ote however t h a t  r - c  in- a- t e n s  c a rr ~c-t be se ~ to fin d ~he c an o e  -of a:’-’

e x c e s s l a - - -  e x p - ; : c r ’~- . T h i s , one H a l u r - t e d  c n ]y  to  tb ’-  c - x t e r ~t of

excess exposure tr i sh o u l d  ~nit 1. r 2 t e  a - d e t a I l e d  s ur v ey  t o  -ic ’~~r m I m e  -
:

the  r e l a t i v e  causes .

I
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6.4 Ev a l u a t i o n  of the Cost of Noise  C o n t r o l

The or ig I na l  objective of t h i s  program was to  d e t e r m i n e  a f i r s t

oruer cost estimate for the  imp~~e m en t a t I c n  of e n gI ne e rIn g  n o I s e

control systems on two ship classes. As :- ‘as p o i n t e d  cat  iro ,  th e

in t r o d u c t ion , t h i s  objectIve was o n l y  partially fulfilled due

to the difficulties encountered In the  da ta  a c au l s i t l o n  p o r t I o n
of the program . however , the framework for an organized data

base and computation steps necessary to achieve the fInal ob~ ec—

tive have been provided.

It is recommended that the work necessary to at least complete

the original work  for  the t a -c  ship c lasses  c o n s i d e r e d  be u n d e r —
taken . The p o s s i b i l i t y  of o t he r  ship c l a s s e s , f c r  w h i c h  a i r o o r n e

noise data is available , should also be considered.
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A P P E N D I X  A

DESCR I PTI IJN OF PERS0 N~ EL A S S I G N M E N T S
IN E N G i N E E R I ~~G SPACES ON COARD N A V Y  S H I P S

I . Q U ESTIO N S FOR THE E N G I N E E R I N G  O F F I C E R :  (also s ee Chapter II )

1. f ne c o n u i l c - r  t oe f i r e  r o a m s , t m - I n c  r o o m s , th -a

a c a i l l— i r o -  sr aces  coc t h e -  a f t e : — :t e e r I m ~ r oms  , n~~: tram ;

pc - op Ic I:. t o t - i l are asc~~gn eJ  or . a c o n t I n u o u s  s o u l s  t o

toe-Se spa - c -o s ’.

a. Dci-: c aro- r e a r  Ic ar-c- a s s i ’ mc - - I cc coca  f I r - c- r ocm ( H R  10 52 ) ?
b . h i - o w  n -amy r e - o r  I- ar - -c -a o s I g n c - i  t o  coo l .  em l m c -  i on ?
c . how sr -coo’ p - c o t  Ic- ar c- u s s l o r e d .  t o  c o o n  of t i o ~

a~~x 1 l I c v :  s o a o , l n e - r v  v - a c m - i ?
d.  1100 - : r oomy O s  C O l e -  are as~ I c - n e c  t o  t a-c  a f c e r — s t e e r l n n

ct  S O C ’

2 .  I f  o-e couTh t i c - O k ,  I ..:. t i e -  a s o w -  r e r ’c c -n a -. I In t o  su a c a t eg a - r i e s
of boiler op-o rators , too-a ir ~iIst u , c - a -  . : , c - m c - s~~, :‘epcii-/
r r a in t e r i a n c e  e n -a o a m c - l  , eHitr l e Fans , etc . , ‘coat i5 t h c-
Ur en- : io -c m b y  rao r . i -c - r  of  t O e - -  0cO-I - c- r : e r -o-oo n -c l f o r  t h e s c-  or
adcltlooc1 occigr m-cnt

L o I lc -r O~ s r a t o r - : ( F R  195 1)

Ha ~~, Io i c t c

Dci ,in e-soc -n
Fec A r , ’l -H I n a  -cr ian ce  I c - v a r - r i c e -  I

a l ac t r .  o

—

~~ — I

_ _ _ _ _ _  —.‘--- - - -—— ---——- --—- - — —---- - - -- ---- ~~~~~~~ - - - - - - 
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i - h e - n i H  - .‘ by roast-c- ‘-ow b oa: in a all  ~ ‘ r o o c t . c - r :ly~~ ~-lir~DlDi

~-Jt t -O: - ito’: -n o In e-~ -’ih of trio ‘-s- ’:, ce -n :

- - F °  i’ : Boon iH- l O 5 2 ~
~~~ 0;~~~~~~t ’ ~~ h O  I t O  I

Holne i~oim 2 f 1 .  a

F i b -p - l a sh .  Pc -c:. , 1

~- f t e r - - - : ’-t ’-:er ’ Ho o I-

24 . - h - ; t l  f’ s’ Lv  n -~coc - an-i ] o c ~ot Ion  a H ,. on clo - l ~m a l l y  : can nc - - i

t-: a s - c l t  c - t a t :  ~ao f a a  - c o a L  of  t h e  : I lo: -A.nv 0 t - O c - S  i c - 3 0 c  t ac -

‘ i u i i r :  F t  Ic - c i t o n _ c l — ci .-A~ Hi : , t n e ; i c i ’ - - - 3 :

- I c i e  F lo or ,  ( F R  105 1)

- - - I~~- Ar c s: F

Rn, ’ ’, ’ : R an- : 2 (~~~~~Th ) : c )

1- oixi ic :’: H-~ - - -~o- ’-
A u , -: I F:’’ ; - :~ -~n . Ya~~r:. 2

c

5. Dc- ow-: ~‘ :t- ’ r’c- -cc i -:-cAcos-- t’ -~ a- - :’ a noiH - n a u- i , ’t :’ - - S i t S

c- ri H-: : — ~~
‘ - h o w  a .  u’r c - c - -nh ~ , c - a ‘- c” F t c - - -

to owl fl :-~‘at:o u t O t  H i m .  I H no ‘p - a: oh a t o t H i r o  cr o ci

t o t a l  t H- - ( - o n  a 2 2 4  h - c c : ’  I _ - a:;

~-H r-c Do- o n  ( l -  I ’ 1 R 2 )

H - i c - I-a ~:~: .L

FooL Bo a r, ( r p

low,-: I I I  any IL - a - . oom 1.
1 l iar , : ~~~ a t .  7: -o n 2

ft - - o: - -- -H - et r l m g  Ta ::‘,
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Repor t  No . 3410 B o l t  Be ranek  and Newman Inc.

6. Our’ u n i - c r c t a r -~i l ng  Is t o at  the re  are- fo~ r r e - o c in e s s

conu i t i  ~s o’:nicri ar c -  u s u o w l y  or e r a ti ve  or . D a v y  so lo s .

These  are :

a.  C o n d i t i o n  . ( G e n e r a l  o ;u a r ’t e r c - )

b .  l o n d i t i c - -n ~~~~ ( 9 :- cr—Tin ’ :  H e ar r I : - c - )

c. P o n d i t l cr i  ~~~ ( Peace—Tine  L: - c - i s in g )
d. T hn d I ? i o o  V . ( I n — R c r t ,/A:  l o c o w n )

Please d - c s cr ib e  tn - c  differ-en cc-~.o in total t i m e  per  in d i v i d u a l
wa tch  s tander  toat  is spen t  u n d e r  eacto uri c of toe- above

readiness condItions based on a 20—oour day . Ho:-: b igot  t hl :
rela te t o toe n u m s e r  of watch sections specific-sI on the

w a t c h  b i l l ?

7 . I r : o c - r  the c- acne r e a d I n e s s  c o n d i t i on s , cHase  d e s c r i b e  the
d if f e r e n c e s  in t o t a l  ‘a Ime per roan s c e n t  c er f cr m l~~g normal
wo rk d u t i e s .

a. Cond ition 1. (ieneral uorters )

a . — l , c c i u i t i o :  I I I .  ( l-:ar— ’:mr,e S : e o : n F n n .
c. C o n d i t i o n  I V .  ( F ’c ac - a —T F r : , c -  I r u F o i n g )
sI . Pond it ion - ‘

. ( I n — P o r t / A t  c - i o c c i o r )

________ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

_-,-- ~~~~~~~~~~~~~ 
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I I .  S H I P S  ‘O PERATI NG f l O D E  Q U [STIfl ~ S TO BE A O K E D  THE L O G I N C L R I N G

O F F I C E R :  

- - -  
- ‘ ‘  

.
- ‘ - - 1 ~ ‘ ‘  ~ 4 - - 

£ - J, , t c - e - , ’ -~~ -~~~_~ , : ,  ,~~~ f - _ c  c- I ~~~~~~~~~~~

p o o r -  ‘H a .:e- I . H - -c - clot H I~ - - cc ~ . C 0 — i  - m—~, t : ’ - -o a c - - - -

c’-.-- -c- r- rim ; r o a r -a - : of or . ’- - ‘a” , tar’ t -  ‘ a i : ’ ,c- ~ - - n O  In—:

at 000 L -r  :• ~ t 1 -ac ::: -c lo t - :cin ’ ~: Hi ,~ . 2 4 : ,  1 :0 -0 ‘ . ot  - - :

Oar:  - - cci c t - i .  t o  :::: Is. ow c” - ‘ c-f;  : : ‘O r 0 - - - S . s c - I  - 03.0 1-c

24 -1- 5 c- f  r o e -  ‘A t - -c ma :- ’ se- s c en t  L, --: , r s :-t  :-c - l f Of 0 3 ’ t : . - t 0’, - ..

2 . 94’Ft c- In tm - : SC  t , -: coal: , c~~t c - H : 1 e a  ~H — : or -t  ;c- ,~ t a a~,’)

w o o t l i  ~ l~~e sHot cc 0: ~~~~~~~~~~~~~~~ t oe  H , -- - 0 - acrl: I t  ~::-

co .i Hi-o- :, -an I acx Fiat ~ ’ :;t~ ‘kS3 ~~~O J .  I Hi , - - - :. ;r cc : ,t  C f

the H i — c - c i t_ t ’ - - -  w o o  a c - -c -n t  at  c o b - h  :-~~~~
‘ . o m c ’;::.: ’.t ‘ - 1 ’ s-at

w as sp-~~nt  u~, u a t  -~~~~ 
c - :  ~ t c - : ic i I : , i~ -c o -n d

3 . I~ :- o s c F L l - c , ‘ ‘to o0’a iO ac - F 0 - c  - :o ’v ’ e u~~ ~-c- ~~O 0’’ , - - 1 -

i l I n e  t o  coAl -o a r: oh- : c- c - s I - - i - : -, o :- cr iH H , , : ’ca:
ci ,; a f u n o - i H o n  o f ’  cc ~: J .  ,l: : - - n e t - - o w e -  I Fn :: n - ,-t L.~ ‘c l- ott

p e r c e n t  c - f  iH owl c : o H i i n :  i-c n-a 1. 4 ;  - a , : o w H at - : i : - A t - ~ a c - -c a ,

re-tweet 0 c-nd 10 0 u 0 : . Ii k n o 0 .~ o t i s  ~~~
‘ k t . ~~~~s , “ r o t  ~~c

- _d
• 

. - —  ,~, —~~~ - . k - : — -

- n c -  ~m ’c r :c- ’ a r : :  t ics:  : f  t oe  , j l c - r c i a c -  a - a t .  :1t ow a fcn - c ’ l’0 4

c- f  t - - - 
- I:: Jo- I~, -:d cc-: ‘-~~~ . ii -

~ 

I
- , c. , :,oi 1 o n _ • ,. -

Hi-a to  ~ u c c - c i ’~ F : i  tm-c -o ::c-c :: : - - 4 -

Cc ci - .1 t , .  I -
- a: : 0  — - . 0 t O  1 0  ,

F~~~. ( or-How Poe -using )

c. C:,, t - r Io, : . iHc-rice -—T r,c- Hi’ ~Hai~’4 )  
.~~

. -
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Report  No . 3410 B o l t  Be ranek  and Newman I nc .

I I I .  Q U E S T I O N S  TO B E A S K E L I  OF E I I G I t 1 E E R I N G  S P A C E  P E R S O N N E L
(use survey for m )

1. Q u e s t i o n s  r c -g a rn i s  corn or’ J ~~ Oy sts~nI ro s.

a. What is p-our - reguHir ‘-o r : ~tatlcrH This rc--ferc t o

the t o t a l  sp a c - c -  or room ’.

a- . Woat  IS 1- our  r en c ar , -: Hi, oc- : ign r :e - : ct l  To-ct  Is , w h a t

is It  t : i at  y o u  i--c a: a n o r m a l  0 : 0 0 k -: a c t i vi t y ?

c. What is :4’our r a t l o g ’I

I .  What Is p -car  o l v l s l o m ?

e.  ye- w o u l d  l in-:e to  Lr a an d o : - .-n your  :-:ork av e -a  an-i y o u r  w o r k

t i m e  as m a c h  a: possible. We w o u l d  l in e  to  ,c ro c :: tote

a p p r u x I r . ~aia e amount  of t i m e  t i _t a t  y o u  s pen d  at oI l f f e r e n t

areas in :~‘oac- ‘cork r o o m .  You mao re -c : :  cod b- I : :~ercer , t

or ’ by  the  a~ ic r ::x Fot . 0e nu m b -c r of hour ’: . We t - :cal- i  a l so

l ik e  to know of aoy u s u a l  l o c a t i on s  or a-u : — a r e a s

a l to  In F-he o-:o r-n re-a m ohs-v-c yo u t r ay -  te::~ to o w e - n a  m a r e -

t im e - . For- e:-:asos le- : F e - r h o : : an arc - a of  ~-o~~r ‘- : 0 : - :

static-n w - H l :  be toe -  lct’:’: r H i v e - I .  F - c o m a : : , ,‘ s ; c - n c c
5 0 0 0 - c -n t  m f ::‘--oir - t i n c -  t m c - r ’-o a l .c  r e r m - ,r a - c t  of ’

- o cr  t i m c -  at toe  1cc-o r l end l  1-3 H e -m t  OCH t o o ;  ~~~~H-~~ S .

( I I I T I ,  ‘H 7Th l:::EF’::I~F -HF :  P l e a s e  I n :I : t  t o o t  
- 

‘ - - -  - - - — - - t - -  ,q, -~ , .‘ , - _ 
- 

~. J ’ O  c - n , ,  l i c -~~ ~~ c - ,  uc-  .~~~~1 , _ c - , k _ --

:aaot fy t:A -~ FrH - . -:’rr c~t F a r . 1 : - H ’ : .t  ce - t oo-u r ic f-o r

the:: to  -1 ’c - V : l O  ot:~r r ’ o :- :Is - o t t I c -n :  A v ’oro a :-:c-e,-: ’s p erb :-~
of ’ t Im ’: , ratnar Sloan Hot Co t ’: coo ’ . )

--

~

c- ~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~ -.-- -~~~~~ —- - _ _
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PE~ :oN: :EL SURVE Y

I. WORK OR DUTY STA T I I h P :

A. Regular Work Stot Ion sating______________

B. Regular Work Assigrcnes . t 
-
~~~~~~~~ Division____________

C. Breakdown by ~r-ea and  ~-Hrn TIne

AREA OF WORK STATION APPROX . TIME (% OR HRS.)~~ USUAL LOCAT I ONS

Lower Leve l
Upper Leve l
Third Leve l
Other (Specify )

D. Work Station Variation with Condition

READINESS CONDITION WORK AREA TOTAL HOURS
PER DAY

I (General Quarters)

III (Wartime S t e am i ng)

IV (Peace Time Cruising)

V (Inport/at Anchor)

A. Cold Iron

B. Aux. Power

II. WATCH STATIOhS: Variation with Condition

READINESS CONDITI ON WATCH LOCAT ION TOTAL HOURS
PER DAY

I (General Quarters)

III (Wartime Steaming)

IV (Peace Time Cruising)

V (In Port/At Anchor)

A. Cold Iron
•~~~~~~sX . P H c -;r - - -  — 

.~~
.

I
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TAb LE B .1
H EA S !J REE E PT L U C A T I O P  F ) E P C F I P T T I D O . , FR 1052

( a )  Engine  Room 
__________  _______  ____ ______

Meas
Lo c .  5- :atch or  Work
Code Level  P l ach ine ry  S tat ion

ET 1W Third — -1’ c ot r o l  b o o t h

ET2 C a t w a lk  —

ET3  
U Above  I b m  Red e -ar  —

EU 1W Tinn er  Dis t  Pla :,t  1, 2 bI v aI , .:” F ocr W a t c h

EU2W “ — 5-. : rk t o ’ o - r , c h ( F o r t )

EU3 Air Con-i Conot 1, Fort R od -

EU L4 A i r  fo n d  Tons  I , Fort  A c - t —

EU5 71st P lan t  1, O-c - t b o ard , 7tH —

EU 6 P a in  Cond ,-~ir  E l e c t , P Foo d —

EU7 -i ain Red Gear , A f t  -

EU8 Pain Fed Gear , P or t  —

EU9 I -lain Red Gu ar , 7- tbd —

EU 1O L . P .  Turb ine , ‘Obi.  —

EU11 H.P. TurbIn e-’ , Port  —

EL 1W Lower — Tel :‘icod, Lo7 Desk

ELIW It — P.O. Purifier be -nch

EL 3 U b- la in L . O .  Serv Hors 1’I , lB —

EL ~ II P a in  Cond Cosiols luors 1A ,1E -

EL 5 U F is t  Feed Pum~ s 1,2 , Et ino! —

EL 6 L . O .  P u o i f ’ F o r , fl c --b d  —

EL 7 II  F i r e  Hoot : 3, Pt ,bd  —

EL 8 Pain HO. Cooler , Port —

—
~~~ --- - - ~~~~~~~~~~ -‘- -~~~~~~~~ - - 

—--- —~~~~~~~~ - ~~~~~~~ ‘-c-_~_ ,
~~~ - -

~~
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f TABLE B . l  ( C ’ o nt ’ ’i )

MEAP ::Rilb; TI5IT l O C A T I F , ’% DEC-1’ETI~i’F HP. , F’F 1 75 2

(b) Fire Room 
_____ _____

Me as
Loc.  W a t c h  or ‘Cork
c’c - l e  Level  S-lac -h !r , oo ’ :“ S t a t i o n

054 1:! P l a I n  Forced D r a f t  b lower -  1A2 F o r c e d  f l : ’af t  Ho-c-er
112

S- l a in  F o r c e d  D r a f t  EH o-s er - lE2 l:cr c eoi  H a ft  P1cc - c r
11:2

FT1 T h i :- ’d B o i l e r s  lA , lb —

FT2 Ca t:-,a lk  Pe n n  1A —

FT 3 C a tw a l k  Per irri lb —

FU 1bJ U p p e r  Bo i l e r s  1A , lb 0,
~~ re ’ ’ eve1~~ao

Con t r o l  P t a t i c - n , P o r t  Log D e sk

FU 3W U — b. m n r k t  on c E , Po r t

FU 4 U l ’4 o!n Feed Furor s 1A , lb —

FU 5 b~ i1er lB A f t  —

FU 6 U B oi ler lA F:-,d —

F1i 7 U 0-oiler 1A - c-.--bd —

FIT 8 13 7tH .. —

EU 9 II 1A Port
FU 10 lB Fort
RU 11 U SHin Feed Pump lC , 7th- C

FL 1W Lowe r b o i l e r s  1A , lB b o ne r -n a n  

~enc:~
FL3W I! 

— Tel ’cr n on e -  & L o g  Bench

FH L ow e r  -la l  n El low Fur or 1A , lb —

1-75 U Pa In  Ed F s t r  b ar ons 1A , lB —

FL6 Sow Fan s ’  2 , For t  A f t  —

FL? H b o I l e r  lB A f t  -

RH. ~oilcr lb Ptbd 
—

boiler 1A Fr-mi —

FL1O Poller lA f ’tbd  F:,: : -

T Ell hol ler 1!’ Toot —

F L12 s- -c I t H  ‘- - ‘‘c - -~-~-r ~ F- -n : rrsr’:r —

I 

£.-

_ _ _ _ _ _ _ _ _ _ _ ________________  ~~~~~~-~~T I~~~~~
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TAB LF 3 .1 (Cont’d)

:- - :E A PI J RFS - S 1-0,F’ LOCh’! 1711 IJ E [F C H I P O  1007 , F E 1057

( c )  A u x i l i a r y  P u o n i n e r y  Room H o.  1 
______ ________

Peas
Loc.  1- -A te -h  or W o r k
C o d e  L ev u l  -lachinery Pt .01 -or.

AU 1W Upp er — Tel & Log f l r : k

AU2 W — vbc: ’kb en ch , ltL- d

AU 3 SFTG l A — l b  —
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APPENDIX  E

NOISE SOURCE DI A G N O S I S  DATA

• FF 1052 Ai’~D DD 9 6 3  C LA S S E S

This appendix contains the available noise source dia~r•osis

data , arran ged ii~ a form w~ icn io s~. able for evaluating
• 

• noise control azores. ~s hi oussed in t re  body  of the report ,

most of t he  noise ~ve 1 da ta  is not suited for diagnosis

because  of the lar~;e n om be r  o f  sources  i n v olv e d .  Some s p e c t r al
-

• ana lys i s , o n e — t h i r d  octave h a n d  and n a r r o w  band , i s u s e f u l  ifl
p i n p o i nt i n g  p rob l em areas , such  as a p a r ti cu l a r  gear m e s h .
However , t he  most  t r a~ t a L i e  and u s e f ul  me th od  is no i se  source
isol at ion . That is , each e~~u icmer •t i t e m  is opera ted  oy i t s e l f
and the r e su l t in g -  no i se  leve ls  measor ed  at t he  s tandard
loca t ions . W it n  t h i s  in~ c r m at i on , toe no i se  level  for  any
mach ine ry  l i ne— up  may be caL- u iat e -h . F i n a l l y ,  the e f f e c t  of
c o nt r o l l L~g the  noise  frc - o any one pi~~ce of e~ u icmer 1t may be
eva lua t ed .

The o n l y  p rog ra mo  - :h i ch  have  r ;roW4 ced  t.’Js twr . e of i n f o r m a t i o n
have beer .  c o n uo ct e d  by Bol t  b e r a ne - :  an d ::e- .-:ma -~ :~~~. un d o r the
a u s p i c e s  of t he  h aval  Thip b ineer io .~ h e n t e r , Bhh - l  ( 1Q6 2 ,
107 0) ,  b~~ -2 (1082)  and Eh.. -3 ( D D  ~i6 5 ) .

The fo l l c” :±r ~ t a~ ie s  shc~: t he  r~-~~u 1ts of t h e s e  s tu d i e s , arrange d
in m a t r i x  f o r r ~, ex~~~~ss ~ L 4 j~~h .  r ar a t e  t a L l e s  are r r e s e n t e d
fo r t rxe  F F — l Q~~2 e n g i ne  r~~om , toe FF —10 5 2  f i ro  r o o m , t he  F - -1052
a u x i l I a ry  m a ch i n e r y  r o o m , won t h e  963 eng ine  rooms .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _
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