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EXECUTIVE SUMMARY

YA Crew Exposure Study - Phase I" was the title of a research
prcject that developed a test plan and methodology for assessing the ex~
posure of workers to potentia’ hazardous chemical substances 1n the work
environment for both the - smical transport industry and the off-
shore drilling and produc -stry. The offshore test plan also in-
cluded the methodology for . Jloping sounc pressure level (SPL) contour
maps for platforms and rigs. A trial implementation of the offshore plan

was subsequently conducted in Phase I for exposures to chemical substances,
which included gasss, vapors, dusts and 1{quids.

The objectives of the offshore portion of Phase 11 of the Crew
Exposure Study included implementation of the SPL methodelogy and an ad-
ditional implementation of the test plan for exposure to chemical sub-
stances. The original scope of work for Phase II did not include personal
noise dosimetry. Monitoring of personal exposures to this physical agent
was added by Southwest Research Institute, with USCG approval, to (1) fill

a void 1n the industrial hygiene literature and to (2) provide a mechanism
for comparing SPL and noise dosimetry data.

The Phase I offshore test plan emphasized exposures to chemical
substances for those activities that were directly retated to drilling and
production operations. Within Phase 1I, the definition of the chemical
substances was expanded to include other substances such as welding fumes,
paint chipping debris and sandblasting materials that are encountered dur-
ing maintenance and repair operations on offshore facilities.

Because the ofishore and merchant marine industries differ with
respect to their basic operations, chemical substances, exposure potentials

and work schedules, the results of Phase II are being published fn two vol~
umes,

o Volume I -~ QOffshore
¢ Volume II - At Sea

This volume addresses the offshore portion of tho study. This volume of
the final report was prepared to assist the USCG in discharging its de-
fined and continuously developing responsibility for the health and safety

of (1) workers on Quter Continental Shelf facilities and (2) USCG personnel
who conduct inspections of offshore facilities.

In Phase II, the test plan was implementaed over a 7-day period on
five production plaiforms and two platforms with both drilling rigs anc
production facilities. Sound nressure level contours were developed for
all seven drilling and production facilities. Noise dosimetry data were
collected on thres production platfcims and on both combination (drilling
and production) facilities. Occupational exposures to ausis and fumes were
monitored on two production platforms and on the drilling rigs of tne
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combination fac{litfes. Since Phase I of the Crew Exposure project con-
cluded that the hazard potential of gas and vapor exposures during

normal facility operations was minimal, additional monitoring for these
contaminant classes was not performed during the Phase II offshore test.

The following results and conclusions were drawn from the obser-
vations and measurements that were made during the 7-day offshore test
period. Because of the wide range of equipment, facility configurations,
work practices and company policies that make up the industry, the conclu~
sions are not meant to be representative of the entire industry.

o Sound pressure levels (SPL) associated with normal drilling
and production operations (non-maintenance) ranged from less
thar 65 dB(A) in the 1iving quarters to 106 dB(A) in platform
compressor rooms, and to 90 and 105 dB(A) at ths draw works
and generator room on a drill rig, respectively. Sound pres-
sures between these extremes were measured at different loca-
tions on both production platforms and drflling rigs.

0 The SPL contour maps indicate that entire portions of plat-
forms and rigs would be exempt from hearing protection re-
quirements for non-maintenance operations as chese areas are
below the 85 dB(A) action level that {s recommended in USCG
Navigation and Vessel Inspection Circular NVC 12-82.

¢ The SPL environment on procuction platforms is relatively con-
stant from day to day. However, the SPL environment on drill-
ing rigs 1s very dependent on what operations are taking
place. For example, shale shakers and mud pumps do not
operate during tripping of drill string.

¢ The SPL measurement technique was found to provide a rapid
means of evaluating the spatial variation of noise. On pro-
auction platforms, areas exceeding the 85 dB(A) criterion for
hearing protection can be easily identified. The technique
can also be used on drilling rigs if it {s recognized that
multiple surveys are necessary in order to account for the

time-varying levels that result from intermittent equipment
operation. i

o The noise dosimetry measurements {ndicate that potential ex-
posures were generally zbove 100 percent of the permissible
dose relative to USCG hLavigation and Vessel Inspection Circu-
lar NVC 12-82 criterfia. A1l of the dosimeter records for a
fvll 12-hour shift {14 of 16 records) fndicate a potential
exposure greater than an action level of 50 percent of the
OSHA permissible dose. Under OSHA guidelines, a hearing
conservation program would be required.

viii
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0 Potential noise exposures represent the exposure to the un-
protected ear., Facility workers wore varying degrees of
protective devices including no protection, cotton balls,
earplugs and earcups. Recent industrial hyglene 1iterature
indicates that in practice the entire array of earplug types
mz2y provide less than 50 percent of their rated protection }
relative to the ANSI attenuation criteria., The primary reason }
is improper insertion of the plug fnto the ear.

o Drillers and derrickmen tended not to wear hearing protection,
Their noise exposures exceeded the allowable dose within four
to eight hours after the beginning of the shift. Hence, the
Lerf(24) exposure level of 82 dB{A) was also exceeded. Tha
time when cumulative dose equals allowable dose defines the
exposure at which the Lgfe(24) will equal 82 dB(A) if no
further exposure is received for the remainder of the Z4-hour
period.

o Roustabouts that chipped paint with needle guns were poten-
t1ally exposed to noise levels that exceeded the aliowable
dose within 90 minutes of the beginning of the shift.
Leff(24) doses were nominally 10C dB(A), assuming no exposure y
during the succeeding 12-hour rest period. One worker used
cotton balls inserted into his ears, and the other wore the
ear plugs furnished by his company for his use. No attempt
was made to determine the affect of these protective devices
on actual dose received,

—

¢ Noise levels below 80 dB{A) co not influence the Lgff(24)
according to NVC 1:-82 procedures, Because the l2-hour rest
perfod is spent in a sub-80 dB(A) environment, the Lggf(12) :
may be a more appropriate indicator for oifshore operations as A
it would reduce the costs associated with dosimetry without
compromising the integrity of the procedure.

o Sound pressure level meter readings were compared to the real {
time noise dosimnetry records. There is good agreement between l
the two recorded levels if (1) the two measurements are made
sfide-by-side at the same time or if (2) the documentation is a
sufficient to establish that the measurements were made at the e
same location and under the same equipment operating condi-
tions but at different times, The level of agreement is dimi- a
nished 1f there {s deviation in the space-time documentation. N
Hence, on drill rigs caution should be used in estimating
noise exposures based on SPL meter surveys because of the
time varying nature of equipment operations. On productior
platforms, the operating status of the equipment is more
uniform; therefore, the estimation of noise exposures from
SPL meter readings is more feasible.

10 STE T
A ‘.

FERPRE R TVEY Sk

(K PR R NS R ATy

ix

Ao AR . Thd TR B AR d et el a3 AT e i 2 A on S D
, 13, IR T L

P vy S X Y WL NP )




o

Occupational exposures to airborne dusts from drilling fluld
makeup and paint/rust chipping were acceptable relative to the
current ACGIH quidelines. For the bagged materials that were
added to the driiling mud, the particulates were classed as
nuisance dusts. A similar coinclusion was obtained for the
rust/paint chipping debris. The presence of nuisance dust was
not assumed a priorf, but it was verified by applying x-ray
fluorescence and wet chemistry techniques to the materials in
question. Where Material Safety Data Sheets and qualftative
analysis tndicated the presence of toxic metals, e.g. chrome
and lead, in the rafter samples, quantitative analysis veri-
fied that the concentrations in the ajrborne dusts were below
instrument detection limits,

Fume samples were collected beneath the welder's helmet during
welding and in the breathing zone during perfodic weld inspec~
tion, FElemental analysis of the fume constituents was based
on the parent metal and electrode classification. Concentra-
tions of manganese, iron oxide and zinc oxide fume were below
their respective cxposure limits,

Opportunities did not arise to monitor sandblasting, oil-base

drilitng mud operations or addition of asbestos~containing mud
chemicals to the arilling flulds,
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1. INTRODUCTION

This final report presents the results of the offshore drilling and
production observations performed by Southwest Research Institute as one
element of the Phas. II-Crew Exposure Study for the U, S. Coast Guard,
Office of Research and Development. The purpose of this study is to
characterize the potential for on~the-job exposures of crew personnel to
chemical substances and selected physical agents during routine and non-
routine work activities on offshure drilling and production facilities, and
on bulk Tiquid tankers and barges at sea. Because both the nature of the
potential hazards and the work activities of offshore workers differ
greatly from those for tanker and barge crewmen, the results of this Crew
Exposure Study are being published in two separate volumes. Volume I
reports the results for offshore oil ang gas drilling and production
operations. VYolume II rsports the results for bulk liquid tanker and barge
operations,

I.1 Background

The United States Coast Guard is responsible for the health and
safety of offshore and marine transportation workers through the Ports and
Waterways Safety Act as amended in 1978 and the Quter Continental Shelf
Lands Act. This responsibility was clarified in a March 1983 Memorandum of
Understanding between the USCG and OSHA, With respect to offshore activi-
ties, notice of proposed rule making has been {ssued for Workplace Safety
and Health Requirements for Facilities on the Outer Continental Shelf
{January 9, 1984), The Coast Guard is aware that there are potential
health and safety hazards associated with the exposure cof crermen to flam—
mable and possibly toxic materials involved in offshore drilling and pro—
duction operations. Exposure to high levels of noise is another potential
hazard that may be associated with either the work activities or work en-
vironment of crewmen. However, there has been very 1ittle information re-
ported in the open literature to document the actual exposures of offshore
workers to potentially hazardous materials and noise during their work
activities. This information is desirable in order to determine whether
additional regulation or implementation of industry standards is needed to
provide for the health and safety of offshore workers., To obtain this in-
formation, the Coast Guard contracted with Southwest Research Institute to
perform a research project to characterize the exposure of offshore drili-
ing and production workers both to noise and to hazardous l1iguids, gases,
dusts and vapors during their work activities.

Phase I of the Crew Exposure Study was completed in March 1982 and
is reported in reference [1]l. The Phase I project consisted of the
following activities,

(1) Performing a background study to define the potential hazard
sources associated with offshore operations that might bring
a crewman into contact with toxic or flammable materials.

(2) Developing appropriate analytical models to simulate the

effect of contaminant sources on the exposure to hazardous
materials.
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(3)

Developing experimental measurement methods and an
experimental test plan to quantify the actual levels of
exposure of offshore crewmen to hazardous materials.

Conducting a trial implementation of the experimental test

plan for measuring exposure to hazardous material on offshore
drilling and production facilities.

{5) Developing an experimental plan for determining sound pressure

levels and worker exposure to sound pressure (ncise) on
offshore drflling rigs and procduction platforms.

ey g e o -

A seven-day long observation was performed during Phase I in which
the experimental test plan was implemented. Dril1ling and production opera-
tions were monitored on a total of four offshore facilities. A1l fugitive
and major emission sources of dust, vapor and gas were identiflied and char-
écterized. Personal exposure to respirable dust was measured for a rough-
neck during mud mixing operations, Levels of hydrocarbon gas and vapor
concentration were measured near a shale shaker, in a fuel gas compressor
room and downwind of an oil flotation cell. The results of these measure-
ments are described in the Phase I Final Report [11].

In Phase II, the offshore portion of the Crew Exposure Study con-
sisted of one additional implementation of the experimental test plan for
measuring exposure to hazardous materials, Ccncurrently, the experimental

test plan for sound pressure measurements and worker exposure to noise was
implemented,

1.2 Qbjectives

The primary objective of this study was to characterize the expo-
sure of offshere drilling and production workers to potentially hazardous
materials in the form of gases, vapors, dusts and 1iquids, and to sound
pressure (noise) encountered i1n their work activities. One addicional off-
shore observation of seven days duration was arranged to supplement the
exposure data collected in Phase I. The specific objectives of the Phase
II observation for test plan implementation were as follows,

o Identify and measure the concentration of contaminant emissions

of gases, vapors, dusts and mists as they exist on offshore
drilling rigs and production platforms.

Monitor the exposure of platform workers to these contaminants
using accepted industrial hygiene procedures,

o Measure sound pressure contours and perform noise dosimetry on

platforms and rigs.

L e el

o Observe and document dermal contact with arilling fluids for

rig workers.

The development of the experimental program and the results of the
exposure monitoring activities are described in the following sections,

:J-’
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1.3 U, 5. Coast Guard Guidelines on Noise Exposure

In 1978, the U. S. Coast Guard Office of Research and Development
sponsored a study which was conducted by the Naval Ocean Systems Center A
(NOSC) of the U. S. Navy under an interagency agreement. The objective of
that study was to investigate various aspects of noise as it relates to
‘ occupational health and habitability on merchant ships, That study
| resulted in the pubiication of five NOSC gocuments,

A ke im A
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o Technical Document 243 - Airborne Noise Levels on Merchant
Ships: A Compitation of Data

Technical Document 254 - Airborne Noise Limits for Merchant
Ships: Recommended Acoustical Criteria to Insure Acceptable 1

Functional and Habitable Environments in Crew Quarters and Work
Stetions

o Technizal Document 257 - Noise on U. S. Merchant Ships: A
Summary of the Problem With Recommended Limits and Future Work

™

o Technical Document Z67 - Eehavioral and Physiological Effects of
Noise on People: A Review cof the Literature

o Technical Report 405 - Ncise Levels and Crew Noise Exposure
Aboard¢ U. 5. Merchant Vessels

Rl WA

The NOSC study recommendec the acortion of an equivalent 24-hour !
noise exposure criterion, Lggg(24,, of &0 GC(A) with a 3dB(A) exchange
rate for hearing conservation purposss. A 75 aB(A) criterion level was
recommended es a future goal. The B0 cR(A} criterion was derived from the
8-hour, 85 dB(A) exposure 1imit of the International Standards Organization 1
(1S0). 1In arriving at their L,.§s(24) recommendation. the Navy also con-
sidered other domestic standards fnciuding an 82 dB{A), 24-hour equivalent
exposure limit, which was derfved from the OSHA 90 dB(A), 8-hour standard,

Fellowing the NCSC study, a jeoint U. 3. Coast Guard/Industry study
group was convened for the purpose of drafting noise exposure guidelines.,
The resclting consensus recommendation appeers in Navigation and Vessel ‘
Inspection Circular (NVC) No, 12-82, which is entitled "Recommendations on Lt
Control of Excessive Ngise" and is included in its entirety as an appendix )
in this report. The USCG was represented on the study group by the
Merchant Vessel Inspection and Merchant Marine Technical Divisions.

Industry was represented by ship owners and the Offshore Marine Services
Association (OMSA).

The hearing conservation recommendation in NVC 12-8Z is based on
an extension of the domestic OSHA standard as opposed to an international
standard. Philosophically, this app:oach was adopted out of consideration
for (1) familfarity with existing domestic standards, (2) ease of
implementation and (3) general applicability.
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NVG 12-82 was developed primarily for {nspected merchant vessels.
Bacause a separate guideline was not formulated for offshore facilities,
the USCC has recommended that NVC 12-82 be applied to the recognition,
evaluation and control of noise exposures on inspected drilling rigs and
production platforms. To this end, offshore noise exposures were mo{tored
and interpreted in accordance with NVC 12-82.
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II. DEVELOPMENT OF THE EXPERIMENTAL PROGRAM

The background study and the offshcre observations on drilling rigs
and production platforms reported 1n the Phase I Final Report [1l] provide
the basis for the development of the exporimental program. These studies
indicated that sources of hydrocarbon gases, vapors and liquids may be en-
countered on both production piatforms and drilling rigs. Sources of
potentially hazardous dust or mist are more likely to be associated with
drilling or workover activities. Sound pressure (noise) sources are found
on both drilling and production faciiities. The nature of these potentia,
hazards, their relationship to drilling or production operations and the
experimental measuring techniques are discussed below.

IT.1 Sound Pressure
I1.1.1 Pefinition of Potential Hazards

It 1s generally accepted that long-term exposure {0 excessive sound
pressure levels can produce a permanent 10ss in hearing acuity. It 1s also
known that this pertanent threshold shift (PTS), excluding the relatively
rare 10ss due to single massive exposures, is dependent not only on the
amplitude of the sound but also several other variables. These variables
include:

frequency,

exposura duration,

coexisting medical disorders,

prior exposure history,

altered ear response due to crugs or chemicals,
availability of recovery time end

individual susceptibility.

o0 00000

Unfortunately, beyond the fact that these variables influence the amcunt of
permanent hearing loss, little correlation exists.

Medical research and tesiing performed by Glorig [2] and many
others have indicated a statistical correlation between long term exposure
to sound pressure levels above 80 dB(A) for eight hours per day, Tiva days
per week, and a permanent loss cf hearing. From Table II.1 it can be seen
that the 90 dB(A) standard of OSHA would assume an acceptable risk of 15,.6%
for a 30-year work life. However, others using this and similar data from
later studies have continued to recommend a "no-risk"™ exposurs criterion of
80 dB{A) per 8-hour exposure,

One of the most significant factors mentioned in the list of vari-
ables 1s individual susceptibility, In a significant research program, Dr.
D. Robinson [3) started with 40,000 factory workers in an attempt to relate
exposure to sound and long-term (permanent) hearing loass. During the
course of his research he eliminated any subject (or single subject's ear)
that had been exposed to high sound levels awe, from work or had suffered
any medical trauma whick could have resulted in a loss of hearing acuity.

B N O T e JEIETT SR VIR ET B R R Al I el I I L O T R R

et o im o a- R SR T SO T WU S LY N siileges cea .y

B

s b

——




TR TRRY PF e Ve

0°6§ 0°0L S'68 £°¥8 198 6°¢8 0°6L 2719 0792 00 810N % all
0's6 O0°¥6 O0°'t6 0°26 G166 0°L8 0718 5°29 0°L7 L0 % @0l  Tsney dxd M
S°IS 0°'F¥9 G712 B°€EL IT€EL  ¥'89 0719 2°9% 0’61 0°0 3210N % arlt “
S°(6 0°88 0°s8 §'Ig O'8L G'IL 0°t9 S°LY 0707 L0 % 1ei0L  Tead7 "dx3 '
S°vP O0°V9 G6°LS  8B°LS {'bs &6 O0°PF  L°1E  2°tl 00 3810N % 501 i
S'¥8 0°'8L O0°IL 6°99 0°695 0°¢S 0°9% O0°te 2°%1 L0 % [eIOL o0 -dXF :
1
0°S¢ OO0V G-Iy 80P 1788 679t 0°0t L°02 076 0°0 910N % 061
0°SL 0°%¥9 0°sS S8y Oty 0°6t 0°'7¢ 0°ZZ 070l L0 °% 1e0l  Josor] -dxy {
)
(1 &4 0°8z £ °BZ L'92 1°%2 L2 W4 2781 t°21 LS 0°0 9810N % 56 :
0°'¢¥9 0°'25 8'I¥ ¥°v¢ 0°67 S°VZ 2707 9°tl L9 L0 % [e10L  aad dxy '
'
S'v1 0'gl  S°LTU  9°SI FP'elr &°1L 0701 9°¢ 0°¢ 370 I810N % 06 M
S'¥S 02y 0°1€  €°gZ? €781 0°'st  O0T?L 67L 0°b LU % [e10l (A>T dxF © ;
1
S°9 0°8 0'8 $°9 Ia 0°§ 0¥ 9°2 0°1 0°0 3810N % S8 :
RS NN 4 TN AR A 4 S VA '8 0°9 6°¢ 972 L0 % 1ey0L  [oa0T ‘dxg u
d3dngodxd JC [oAa97 SIY L je jYs1yd ul asrvadduy oN 3810N 0] o0 % (v)ap og !
00y 0°vZ S9'¢l L°L 6'¥ (1 0°2 ¢l 0°1 Lo poydadxg 9, [wjoL T+A>T 'dxX3 :
Sb oy st 0t 7 07 sl o1 3 0 {07 - 2dy) sawag "dxy J
59 09 5S 05 14 oy S¢ 0 52 02 ady :

("29% jo ‘81X g7 pue 3insodxo yEp 0g 10] P 0 JO [2A9] dUldeay UTIPIW ¥ 0] PI}22IT0D UIIG 3R] ElIEP uv) )

([211uawnoop ul pourfop s Y81y, = 2SI1ON %)
{oansodx< Jo s1ed ) 4 8Iea) 07 = 2dy)
sansodxq [eonpqepl Jo sieaf Gp 0] dn Joy [2427]

(LZ]°49d) ONNOS SNONNILINGCO INFTIWAIND3 ONV NSIH NI3MLIE NOILVIIY “T°II 316Vl

R

Lo TR VY PR A e S )



His screening was meticulous and resulted in a sample size of only slightly
less than 600 ears. Using rather sophisticated mathematical curve fitting
techniques, he developed a correlation equation which related permanent
threshold shift to the exposure (level and time) with the following equa~
tion.

FTS = 27.5 (1 + Tanh{laz + 10 Yog(T/Tg) + Uy =~ Ai}/15) (1)
where

PTS = permanent noise induced threshold shift

T = exposure time (greate~ than 1 month)

To = reference time (1 month)

Laz = dB(A) sound level exceeded 2% of the exposure time

Uy = constant based on individual susceptibility

»1 = constant depending on the audiometric test frsquency

The varjables in this equation require additional clarification,
The PTS was determined experimentally by determining the difference in
hearing acufty for an individual at a given frequency relative to a con-
trol group which was not exposed. Robinson utiiized a reference time of
one month in his curve fit. This was selected based on “goodness-of-fit",
Loy ts the sound pressure levei {n dB(A) which was exceeded during 2% of
the fndividual's total exposure time. For example, an Lpy of 100 dB(A)
means that 98% of the subject's exposure during the total exposure period
was less than or equal to 100 dB(A).

Plotting this cuirve over the actual experimental data from his
survey, DOr., Robinson found the correlation shown in Figure II.1. In this
figure Eaz = Lao + 10 log (T/Ty). The most significant aspect of this
figure and Or. Robinson's work results from the observation that for any
exposure level, the range of possible expected hearing acufty shifts can
be over 50 dB(A). Even at a level of 130 dB(A) exceeded 2% of the time
the range 1s 50 dB(A).

One quite logfcal conclusion that can be drawn from this data is
that any gains that might be derived from slight (less than 10 dB(A))
changes in exposure levels are completely overshadowed by individual
susceptib{lity. From this conclusion then {t would appear that the most
effective method for preventing permanent threshold shift in a significant
percent of the exposed population would be to isolate "sensitive ears".
Short term (every 6 months) measurements of hearing acuity could isolate
workers with sensitive ears, and these workers could be moved to quieter
working environments or be required to wear special hearing protection.

Another conclusion, which can be drawn from this figure, rests on
reviewing the distribution about zero hearing loss in the 90 dB(A) area.
At this point in the curve it 4s not possible to say that lcng term expo-
sure to noise produces significant hearing loss. Above a level of 100
dB(A) the data supports a decline in hearing acuity "of the sensitive
ears" and above 110 dB(A) there appears to be a measurable decline in
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hearing acuity for the overall population. From this data, it would again
be logical to establish a criteria similar to the existing 90 dB(A)
criteria but enhanced by a mandatory procedure to {solate those with
sensitive ears.

Another factor mentioned above that contributes to the uncertainty
in establishing a firfm relation between exposure to sound and nhoise induced
permanent threshold shift s the natural recovery mechanism of the human
ear. If continued weekly exposure to sound can cause a loss of hearing, it
would seem logical that the 7-day on, 7-day off exposure patter of the
of fshore worker could offer significantly lower risk. Again, medical re-
search has been unable to document the effects of such intermittent expo-
sure to sound. Perhaps the long-term exposure historfes and audiometric
records being accumulated by the offshore industry will provide the neces-
sary data for such a correlation,

Lacking an accurate model for the prediction of noise induced per=-
manent threshold shift from exposure to sound, 1t 1s necessary to establish
an interim standard which, while perhaps of unknown validitv, 1is conserva-
tive enough to protect the majority of personnel exposed to sound above 80
dB(A) during thelir working days offshore. The cata collected during this
project represents an attempt to accumulate typical sound pressure levels
on offshore facilities and typical noise exposure patterns. The following
sections on sound levels will present this data.

Offshore facilities are unique facilities for sound pressure level
studies 1n that although the same types of equipment are used in land-based
ifnstallations, they are seldom seen in such close proximity to each other,
This closeness can produce higher sound levels than their land-based coun~
terparts.

The specific equipment used and the arrangement of this equipment
varies widely batween offshore facilities. Certain general types of equi-
pment, however, were common to all types of finstallations studied. Table
11.2 lists the generic noise sources found on most off-shore drilling and
production facilities and the normal mode of operation of each source.

Personnel on these facilities work l2-hour shifts for seven days
followed by seven days off. In addition to this longer work day, their
work requires that they be exposed to these sound levels for different
periods each day. This makes {t important to give proper consideration to
documenting the range of exposures for each job classification. Table I1.3
f1lustrates the typical number of hours that the various {ndividuals work=-
ing in the 1isted job descriptions would be exposed to levels above 80
dB(A) in a normal 12-hour shift. In some cases, the individual might spend
a lengthy period of time {n a quiet area. As an examplc, an instrument
repairman, during a perfod of limited equipment failures, may remain fn a
relatively quiet area for several days followed by several days where the
exposure exceeds B0 dB(A) for 12 hours per day. This creates an intermit-
tent-varfable noise exposure. The exposure s intermittent because of the
7-day on/off cycle and variab’c due to the wide range of daily exposures.
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TABLE I1.2. TYPICAL NOISE SOURCES FOR OFFSHORE FACILITIES 1

l

|__Tvpe of Facflity Duration : ‘

Drilling |Production

. Itenm Rig Platform | ContinuousIntermittent) :

l

Generator Sets x X x I

Auxiliary Generators X X x ‘

Compressors X X X !

Pumps (Hyd, mud, water) X X X !
Crane X X X
Praessure Reduction Valves X x X
Drain Works x X
Fiping Flow Noise x X x
Helicopters X b X
Crew Boats X X x
Electric Motors x X x

Pneumatic Motors X X x

Horns and Loudspeakers

Turbine and Int, Comb.
Eng. Exh. Stacks

Turbine and Int, Comb.

x
x
x

x
x
b

Eng. Afir Intakes X X X
Cooling Fans x x X
Flares and Vents x X x
Pneumatic Leaks x X X

TABLE II.3. EXPOSURE BY JOB TITLE

Type of Facility
Drilling Production Typical Exposure* Time

——1Qb Title Rig Flatform |

Foreman x X 2~12

Roustabout b x 4 ~-10

Welders/Grinders x x 4 ~ 10

Crane Operator x X 3=-10

Tool Pusher x 3~12

Derrick Man X 2-10 3

Deck Hands x . 6 - 12

Mud Mixer x | 6 - 10

Cook x x l1-3 :

Electrician x x 2-10 }

Mechanic x x 2-10 :

Instrument Repairman X X 2-10 3
4

* NOTE: Thsse varfations were aobtatned by observation and discussion

with offshore workers,
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11.1.2 Experimental Methodology
IT.1.2.1 Sound Pressure Lavel Measursments

The original experimental plan deveioped im Phase I sought to docu-
ment the sound pressure lavels in dB(A) on from two to four offshore in-
stallations, This documentation was to include the measurement of sound

pressure levels at every point that would be normally occupied by offshore
workers.

The measurement equipment used during this study included:

GenRad Precision Sound Level Meter and Analyzer, Model 1982
GenRad Sound Level Calibrator, Model 1562-A

GenRad Type II Sound Level Meter, Model 1565-B

GenRad Windscreens

0 00O

Upon arriving at a new facility, an inittal survey of the entire
platform was made in order to become familijar with the equipment layout,
personnel and type of acoustic environment, After the initfal survey was
completed, a detatled drawing of the various levels of the facility was
obtained and sound level contours were measured. The use of sound level
contours in dB(A) at operator ear level has proven over the years to pro-
vide the best format for recording large volumes of acoustic data. This
format also provides a basis for studying operator exposure by allowing the
analyst to overlay the operator's normal work paths onto the drawings. For
these measurements, variations of less than 2 dB(A) were recorded as the
average for that point, Where varfations exceaded this range, the range
was noted as a "max/min" pair on the drawing.

During the measurement of these sound level contours, special
attention was given to documenting the impact of such items as partitions,
walls, screens and piping on the sound field because these items can be
used to improve the efficacy of various abatement techniques.

Normal procedures were followed to insure the continued accuracy of
the measurements. The equipment was calibrated at the start and end of
each day as well as several times throughout the day. In addition, when
the wind levels became a noticeable variable in the measurements, wind
screens were installed. At no time were sound levels measured when the
wind speed exceeded 10 mph.

During the conduct of the study, 1t was found that scaled drawings
were not available for certain areas of some of the platforms. When this
was the case, hand sketches were made of the areas to show the relative
position of each major piece of equipment, and these drawings were then
used to plot the contours.

In those highly reverberant areas where sound level contours were
not possible, point sound levels were noted. On the drilling rigs, areas
such as the generator and mud pump rooms were often toc reverberant to
allow the development of valid contours.

11
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11.1.2.2 Qctave Band Analysis

In order to give a mcre complete picture of the nature of the sound
which made up the exposure of the various operators, octave band levels
were measured near representative noise sources. By spiitting the overall
sound level into 10 octaves, it is possible to identify not only the por-
tions of the cpectrum that contiibute most to the overall dB(A) reading but

also to provide the basis for designing or selecting the most effective
noise abatement approaches.

No attempt has been mu’e to develop a comprehensive 1ist of all
sources, but rather the emphasis was on documenting selected sources which
were significant on the platforms visited.

The locations where octave band test points were taken are marked

on the sound level contour plots for each installation and are tabulated
later in the report.

IT.1.2.3 Nojse Dosimetry

For many job descriptions, personnel are exposed to a wide range of
sound pressure levels during a normal workday. One procedure for determin-
ing the equivalent or effective exposure level experienced during a work
day 1s to have tne werker wear a dosimeter. The effective exposure may also
be obtained by manually calculating exposures based on sound pressure level
measurements combinec with time-motion studies of the employee. Both tech-
afques are discussed.

Nofse dosimeters are available with a large variety of features.
Some can be programmed for various standards via internal switches or re-
placeable PROM's*, Sampling rate, dynamic range, crest factor, weighting,
response time, linearity, and resolution vary among units, Some of the
dosimeters can also be used as sound level meters, Many of the dosimeters
have & digital display which indicates the accumulated effective exposure
using the programmed criterion level, threshold level, and exchangs rate.
Other units require an external reader which can then provide a hard copy

or dump the recorded informatfon to a computer for storage or further pro-
cessing.

SwRI utilized the Metrosonics dB-301P/652 Metrologgers and
Metroreader as the primary dosimetry system in this study. These units
were programmed with an 82 dB(A) criterion level, BO dB(A) threshold level,
and a 5dB exchange rate as recommended in USCG Navigation and Yessel
Inspection Circular No. 12-82 (7]. The units sampled four ti{mes per
second, and the Losya exposure for 480 samples (120 seconds) was stored in

the unit's memory. The Lggyp exposure was computed using the following
equation.

*Programmable Read Only Memcry




= 16.6 LOG

LosHa

L, is the SPL 1n ¢B.

1

The Metrologgers are capable of storing a maximum of 480 such values,
providing a total sample duration of 16 hours when 2 minute sampling
times are used. The system has a resolution of 1 dB.

When sampling is completed, the data stored in the Metrologger is
transferred to the Metroreader which provides a hard copy output displaying
time history of the exposure. Fiqure I1.2 indicates the heading {nforma-
tion provided by the system. The first four 1ines of the header provides
owner information followed by two 11nes of Metroreader {dentification,
including the software version and the unit's serial number. The logger
fdentification is then printed. The remainder of the printout is labelled
such that 1t is fairly self-explanatory. We have added shor. .escriptions
in Figure 11.2 of those items which may not be clear.

S.W. RESEARCH INST.
ENGINEERING SCIENCES
DEPT. OF MECHANICAL
SCIENCES S.A. TEXAS

0B652 V10,2 S/N 1484 Threshold cri*zria
METROREADER SYSTEM

Operating range for

this Unit is 70 to DB-301/2780 S/N 3942 Corresponds to ANSI

134 dB CUTOFF 80 DB "Slow"
\BASELINE 70 DB
OYNAMIC RANGE 64 DB/—Zer'o if no data have

Sample duration SAMPLE RATE 4/SEC been logged.
\\. STANDBY =  00.09.09 Increments when:
LOGGING 01.27.13 run switch is {n
Number of samplies standby position
integrated by logger microphone is
removed
logger is 1in
Number of sampling calibrate mode

periods ————m» TOTAL COMPS = 43
EXCHANGE RATE 5 DB ~#—— Doubling rate

Sampling perind PERIOD 2 MIN
duration ____,/'

FIGURE II.2. METROREADER HEADER INFORMATIOHN
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After every Period of time the logger does a calculation and then
stores the result. The number of Computations made is listed as "TOTAL
COMPS = nnnn"., The next 1ine is the Exchange (Doubling) rate used.
Commonly used averaging (Doubling) rates are:

LEQ = 3 dB (Worldwide)
LOSHA = S5 dB (U.S. and Canada)
LDOD = 4 dB (U.S. Dept. of Defense)

Below, we will use the term "Lavg" rather than one of the specific types.

Figure I1.3 shows an example of the quasi-graphical time history
printed by the Metroreader.

The major portion of a time history listing is the time versus
Layq printout. At the beginning and end of the printout, Lavg annotation,
in dB, are printed vertically across the paper. The baseline value is at
the left and then every third column 1s 10 dB higher. Logging time is an-
notated on the far right or far left depending on the value being printed.
At the top is the 1ine "HRS . . . . HRS" or "™™MIN , . . . . MIN" as the
Period requires. The dots are under the start of each decade (e.g. 60, 70,
80, 90, . . . dB).

The actual level is printed in an appropriate column so that
visually the lower levels are on the left while increasing levels are
printed more to the right side.

After this printout, several intermediate, cumulative, and current
Lavg's are printed. The cumulative value is from the start of the test to
the end of the annotated period of time, while the current value is the
Lavg for the specific perfod only.

The Metrologger/Metroreader system was selected because of its
ability to provide a time history of exposures. Combined with a time-
motion study of the individual's work activity, it 1s possible to associate
high periods of exposure with proximity to specific sources of noise. This
feature was deemed a valuable asset for a research study although a system
which records accumulated doses might be sufficient to determine compliance
with prescribed regulations. The dosimeter should also provide a storage
of the peak SPL detected to verify that the prescribed maximum level 1is not
exceeded.

The second procedure for determining personnel exposure 1s to map
SPL contours of the facility and record the amount of time the individual

spent within each level. The effective exposure level can then be
calculated using Equation 3.
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1
2
0

O W rs

HRS
72
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|
Graph heading columns "
l
I
t
|
i

95 Dots are spaced 10 dB
99 | _horizontally and 20 q

93 —minutes vertically in
97 this example

O
o

Co.oa02 . . . e

wo‘g
=
P—

94 Indicates one hour of
« « 95, . 1 g——1ogging time

O -
oN
O W

LOSHA
HOUR CURRENT CuMuL

1 96.3 96.3
2 96.0 96,2

caT

111 METROSONICS, INC.

S Y

FIGURE II.3. EXAMPLE OF HISTOGRAM
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m

L,./15.61

> 10 M At (3)
i=1

L £ 16.61 LOG i

ef

-1l

A-weighted sound pressure level (dB(A)) during

the 1-th time {interval, At

1
i=th time fnterval

T = :E: At1 = total time interval (1.e. 24 hours)

i=1 for Leff (24)

. e e e -

This equation assumes 2 5 dB exchange rate, and all levels below 80 dB(A)
may be disregarded.

To successfully evaluate the effective exposure, SPL contours must
be available for differing operations, For example, an auxiliary gererator
may be run perfodically. The SPL contours in the vicinity of the generator
will, therefore, vary depending on its operating status. The location,
frequency, and magnitude of the noise source(s) will affect the contour
spacing and the accuracy necessary in the time-motion study. The employee .
may work in an area of relatively constant SPL, requiring a mintmum of ac-

curacy in the time motion study. Alternatively, the employee may be using

equipment which itself is a source of nofse (i.. welding, sandblasting, "
paint chipping, drill pipe makeup using pneumatic tongs, etc.) The exposure '
due to these operations is very much dependent on the number of times the
operation is performed, as well as the wcrkers' proximity to the source.
Therefore, a much more accurate time-motion profile 1s required to evaluate
the cumulative exposure,

Additfonal details regarding noise dosimetry are included in
Sections III.3 end IV.1l. These sections discuss collection and
interpretation of dosimetry data.

I1.2

Dust, Fumes and Mists

11.2.1 Definition of Potential Hazards

Mists were selcdom encountered during either the Phase I or Phase II
project observations. A few exceptions should be noted, however. When
drilling fluid passes over the vibrating screens on a shale shaker on a
drilling rig, a small amount of mist may be formed. A mist of water drop-
lets may also be formed when the mudman washes down the shale shaker with

a water hose. Nefther type of mist was considered to be a hazard., A mist
of airborne paint droplets was observed during routine spray painting oper-
ations on offshore drilling and production faci{lities. The inhalatfon of

AP
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paint vapor and spray could constitute a health hazard depending upon the
nature of chemical ingredients present in the paint and the level of worker
exposure.

Dust and particle emissions were observed during several
operations. Fine particle dusts were produced in the drilling mud makeup
area when barite and dry drilling fluid chemicals were added to the mud
through dry bulk hoppers. The amount of airborne dust produced varied with
the fineness of the particles. Coursely ground nut hulls and caustic soda
pellets appeared to produce very little airborne dust when handled by
crewmen, On the other hand, finely ground material such as lignitic
material and 1ignosulfonates produced a visible dust when bags were slit
open and emptied into the hopper. Sandblasting was observed during the
offshore familjarization visits on Phase I. Silica monitoring equipment
was included on the Phase II test, but this operation did not occur during
the seven day offshore test period. Airborne paint chips and rust were
also observad during paint chipping (removed prior to repainting) using ;
pneumatic air chisels. Inhalation of the paint particles may pose a -
potential hazard depending upon the base materials and pigments in the o
paint formulation,

........,.,_..__-_

These types of dust emissions may present a health hazard to
workers, Inhalation of s{lica dust produced during sand blasting should be I
avoided because 1t could lead to silicosis and permanent 1ung damage. B
Inhalation of dust from ariliing fluid materials and paint or rust chips r

H

{

may present a health hazard depending upon the nature of the chemical
ingredients present and the concentration level and duration of the
worker's exposure.

Information on potentially hazardous ingredients in drilling fluid
materials and paint materfals can be found in the Material Safety Data
Sheets that are compiled by the product manufacturer. Some drilling fluid
chemicals, such as sodium hydroxids, have an accepted Threshold Limit Value
(TLV=-TWA) or Short Term Exposure Limit value (TLV-STEL). Other chemicals
which are blends of several ingredients, may contain some percentage of a
potentially hazardous ingredient such as chrome or free silica. 1If the
dust producing material does not contain potentially toxic ingredients, it
may be considered to be a nuisance particulate. In this case, efther a
total dust concentration or a respirable fraction dust concentra;gon may be S
measured arnd compared with the respective 1imit values of 10 mg/m” (total) :

or 5 mg/m (respirable) for nuisance particulate substances.

Material Safety Data Sheets can be valuable guides for fdentifying
toxic constituents for exposure assessments. These sheets are equivalent
in structure to the OSHA Form 20s., One difficulty that arises {n using
these sheets to {dentify ingredients for occupational exposure sampling and
analysis is the information on the bulk material that appears in Section .
II - Hazardous Ingredients. Two competing mud products that perform the i,
same function would be expected to have similar chemical and trace metal 3
assays. However, the level of detailed breakdown on composition is highly x
varfable to the extent that one sheet may treat the product as a nuisance
dust while the sheet for the competing product that performs the same
function indicates trace levels of toxic ingredients, This situation could
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be remedied by specifying the minimum concentration in bulk above which a
substance would be included in Sectfon II. This situation was enccuntered,

and 1t was resolved by consulting data sheets for other competitive mud
products.

11.2.2  Experimental Methodology
I1.2.2.1 Drilling Fluid Chemicals

Sampling for airborne dust 1s accomplished by drawing a continuous
stream of air through a filter cassette for a predetermined length of time.
Although it is relatively simple to collect a dust sample for a derrick
man, mud engineer or roustabout when he adds drilling fluid materials to
a hopper, the analysis of the sample depends upon the nature of the
chemicals on the filter, In order to ensure the proper analysis of

airborne dust samples collected during drilliing fluid additions, the
following steps were taken:

(1) A bulk sample was collectsed for each of the drilling fluid
materials added to the hopper during the observation, These
samples could be analyzed by X-ray fluoresence to determine

the presence of trace metals, and to guide the analysis of
personal dust samples.

(2) A record was kept of how many bags of the various drilling
fluid chemicals were added to the hopper during each perscnal
sampling period. This information was also used to guide the
analysis of individual filter cassettes.

(3) Area samples of dust in the vicinity of the hopper were col-
lected by attaching a filter cassette and pump to the lower
portion of the barite bulk tank at a cassette height approxi~
mately equal to the breathing zone hefight of a crewman stand~
tng close to the hopper. These samples could be analyzed to
determine the presence of metals and specific chemical ingre-
dients contained in the airborne dust during solids addition

through the hopper. This information could guide the analy-
sfs of the personal dust samples,

(4) A personal sample of respirable dust fraction was collected
by drawing a continuous stream of air through a miniature
cyclone assembly fitted with a membrane filter. The cyclone
separator and membrane filter assembly was attached to the
crewman's lapel. Air from the breathing zone was drawn
through the cyclone assembly by a pump attached to the crew-
man's belt. The respirable dust sample, which was collected
on PYC filters, was analyzed by weighing the individual mem-
brane filters both before and after exposure., The average
dust concentratfon is determined from the increase in weight,

W, the volumetric flowrate of the pump, Q, an¢ the duration
of exposure,
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AW
C 1000 oit (4)

C = average dust concentration, mg/m3
AW = 1Increase in weight after exposure, mg
Q = volumetric flowrate of the pump, liters/min

At = time of exposure to dusty environment, min.

This method of analysis 1s appropriate {f the dust has been
determined to be a nuisance particulate,

(5) A personal sar,..e of total dust was collected by drawing a
continuous stream of afr through a cassette that contained an
MEC (mixed ester of cellulose) filter. This sample was used
for elemental analysis 1f it was determined that the 3Just
contained metals or other potentialiy toxic ingredients,
However, 1f the dust was determined to be a nuisance parti-
culate, this sample could be weighed to determine the total
dust conccntration. Al MEC filters were preconditioned and
tarod for this purpose.

Each pump that was used for non-respirable sampling was adjusted
and calibrated to give a nominal volumetric flowrate of 1.7 liters/minute
with a representative 1oad in-line, A separate set of pumps were used for
respirable dust sampling, and they were calibrated with the cyclone/
cassette assembly attached. Calibrations were performed before and after
each dust sampling activity (after abnut six hours of continuous opera-
tion). The duration of each dust samp*eo was approximately 100 minutes.
Pulsatfon dampened pumps were useq.

Figure II.4 shows & photograph of a roustabout wearing both a
respirable and total dust sampling assembly and a noise dosimeter during
barite addition to the hopper. The details of the samples collected and
the method of analysis employed are discussed further in Section I.l.d.

I1.2.2.2 ¥elding Fuymaes

Breathing zone samples of welding fumes were collected by a filter
cassette assembly adjacent to the welder's nose and mouth. When the helmet
was Jowered into position, the filter cassette was pressed against the
welder’'s cheek, placing the inlet approximately two inches from the center-
line of the welder's breathing zone. When the helmet was up or was not
worn, the cassette remained within nine inches of the welder!s nose [5].
Fume particles collected on the filter are generally submicron sized solid
particulate matter generated by the welding process. Several factors can
affect the fume concentration in the welder's breathing zone. These
factors include:
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Environmental Conditions;

Type and brand of welding consumables;
Welding parameters;

Base metal;

Surface coatings or contaminants;
Design of welding helmet.

000 OO0

These factors are discussed fn more detail below.

Environmental conditions which affect fume concentrations and the
i{ndividual's exposure level should be recorded. These include ftems such
as room size, ceiling height and the ventfilation conditions of the
environment. The use of a general or local exhaust system should be
recorded. If available, actual room air flow rates, air changes per hour,
and their direction with respect to the weld zone should be recorded. The
position of the welder's helmet with respect to the weld zone and plume,
and adjoining operations should also be recorded.

The type and manufacturer's brand of welding consumable should be
recorded, The AKS electrode or rod classification, diameter and any gas
shielding conditions and composition should be recorded as these {tems can
be used to identify substances for chemical analysis,

Welding parameters can have a pronounced infiuvence on fume
generation rate. Of particular importance are welding current, polarity
and arc length (arc voltage). Other welding parameters such as travel
speed, olectrode feed speed and electrode extension. 1f applicadle, and
arc time can be equally {mportant and should alse be recorded,

Fume concentration and composition can also be {nfluenced by bdase
metal 21loy and surface coatings or contaminants. Notation that surfaces
contain paint, ofl, scale, metal plating, etc., should be recorded as well
as the base metal alloy.

The design of the helmet can influence the total fume level
entering the breathing zone. Helmet brand name and design type should be
recorded. Because the design of the helmet can influence the exposure, it
1s desirable to attach the filter cassette to the welder's personal helmet
rather than instrument a "standard" test heimet. A means of attaching the
cassette to goggles or a face shield should also be provided so the sample
may continue to be collected when the heimet {s not being worn. This can
be achieved by clipping the tubing that holds the cassette to the helmet,
face shield hinge point or the band on the gogjles. Figures II.S5 and I1.6
show the position of a cassette fastened in this rianner.

Sampling of the welding fumes requires a calibrated system which
includes a pump, filter cassette, and connecting tubing. The system fis
calibrated to obtain a constant sampling rate of 1.5 to 1.7 l1iters per
minute, + S percent. Pre~test calibration 1s accomplished by attaching a
"calibration cassette" to the tubing and a bubble meter. The cassette 1s
used with the face closed and the plug removed. The pump s adjusted to
the desired flow rate and the time to draw a known volume ({i.e. 1000 cc)
through the bubble meter and cassetts 1s recorded. The check is run a
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FIGURE 1I.5. FILTER CASSETTE ATTACHED TO WELDING HELMET
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FIGURE I1.6. FILTER CASSETTE SUSPENDED FROM GOGGLES
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total of five times to provide a base for calculating the average flow
rate. The flow rate check is repeated five times following completion of
the sampling to obtain the post-test calibration.

The sampling procedure employed utilizes a three-piece cassette
containing a 37 mm diamter, 0.8 pore size, mixed cellulose acetate
membrana filter and backup pad, The filter may be conditioned and weighad
before and after sampling to determine the weight of total particulates
deposited, if desired. 1In addition to calculating the total weight of the
particulates, the elemental composition 1s determined using X-ray fluores=~
cence analysis. Detafled procedures are avaflable in NIQSH Mapual of Ana-
1ytical Mathods = Yolume 7, August 1981, under P & CAM Method No. 345 (6].

11.2.2.3 Rust ang Painf Chipping

Sampiing for particulate material preduced during paint chipping 1s
accomplished in a manner similar to sampling for drilling fluid dust. In
this case, three steps were taken as follows:

(1) Bulk samples _f paint chip particles were collected from the
area where the work was performed (rafter sample). These
samples we: : analyzed by X-ray fluoresence to determine the
presence of trace metals and to guide the analysis of the
personal dust samples,

(2) A record was kept of the duratfon of paint chipping, the
posture of the roustabout (proximity of his breathing zone

to the airborne debris) and the nature of the chips produced
(fine or coarse),

(3) A personal sample of the total dust fractfon was collected by
drawing a continuous stream of air through a filter cassette
attached to the roustabout's lapel. This sample was
subjected to a chemical analysfs of individual particulate
concentration as described in Section III.4. Each sample
pump was calibrated to a volumetric flowrate of about 1.7
1iters/minute.

Figure II.7 shows a photograph of a roustabout wearing a total dust
sampling assembly and a noise dosimeter during paint chipping.

11.2.2.4 Silica from Sandblasting

Personal sampling for free silica resulting from sandblasting
operations requires a sample to be drawn through a cyclone assembly and
onto the filter media of a filter cassette. A continuous stream of air is
drawn through the minfature cyclone attached to the worker's lapel to
obtain a breathing zone sample. A pump is calibrated with a 10 mm nylon
cyclone holding a cassette with a 37 mm diameter, 5.0 pore size PYC
(polyvinyl cihloride) filter. The system is calibrated to draw 1.7 1{ters
per minute using a bubble meter calibration fixture.
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The personal samples and a bulk or rafter sample are analyzed by
X-ray diffraction to determine the presence of free silica polymorphs. The
analytes include quartz, cristobalite, and tridymite. The sampling and

analysis procedure is gfven in NIOSH P&CAM 259,

I1.3

Gases and Yapors

11.3.1

Pefinition of Potential Hazard

Phase 1 of the Crew Exposure project [1] paid particular attention
to sources of gas and vapor on offshore facilities. Gases and vapors from
down hole are sometimes found in the flow of drilling fluid that trans-
ports rock cuttings to the surface for removal at the shale shaker. These
formation gases, including hydrocarbon vapors and inorganic gases such as
hydrogen sulfide, carbon dioxfde, helium and nitrogen, may break out of
solution from the drilling fluid at the shale shaker. Hydrogen sulfide is
a gas of particular hazard, but it was outside the Scope of Work of this
project. The hydrocarbon vapors range from simple asphyxiants, such as
methane, ethane and propane, to substances with established Threshold Limit
Values (TLV) and Short Term Exposure Limits (STEL), such as butane,
pentane, hexane and benzens, Whether or not the presence of these gases in
the workplace constitutes a hazard depends upon their concentration in the
air. The concentration level of gas near the shale shaker will depend upon
the concentraticn of gas in the mud, the mud circulation rate and the fresh
atr ventilation arrangements near the shale shaker,

The drilling fluid may also emit a vapor into work areas near the
mud pits and mud cleaning equipment. In the case of a water bace mud, the
vapor is mostly water vapor. An o1l base mud with diesel fuel as the oil

phase can emit a "diesel fuel' vapor (actually a mixture of several hydro-
carbon vapors) that may be frritating to the eyes or respiratory system.

On production platforms fugftive emissions of natural gas and crude
oil vapors may be found 1n the wellhead area, around ofli/water/gas and
ofl/water separators, from atmospheric vents or sumps, around gas
compressors and near gas engines that are used as a power source for pumps
and compressors, Natural gas emissions may also be discovered from
instrumentation and flow controllers that use natural gas as an Instrument
air supply. Fugitive vapor emissions may alsc be released from drums of
specfalty chemicals (corrosion inhibitors, cieaning detergents,
bactericides, anti-freeze additives) that are vented to the atmosphers.

I11.3.2 LExperimental Methodology

The experimental methodology for locatirg and characterizing
emissfon sources of gases and vapors was unchanged from Phese I [11. The
Phase I study showed that most of the emissions on production platforms are
organic hydrocarbons, Emission sources of organic vapors and gases can be
located quickly with an instrument 1ike the Century Systems Organic Vapor
Analyzer (now manufactured by Foxbore). It can be operatec in efther a




total hydrocarbon or gas chromatograph mode, and it is certified for use in
Class 1, Division 1, Groups A, B, C, and D hazardous areas. In the "total
hydrocarbon" mode, 1t gives a continuous, direct readout of total organic
vapor concentration for area surveys. This feature {s particularly useful '

for walk-through area surveys in tracking an organic contamtnant gas or |
vapor cloud back to its source.
|

Once a contaminant emissfon source is identified, 1t is necessary
to characaterize the source constituents and concentration distribution.
For this purpose, the source gas or vapor sample can be drawn through a
sampling pump and collected in an inert collection bag. The contents of
the collection bag are then analyzed by a gas chromatcgraph. As discussed
in [1], the emission source. on offshore ofl and gas drilling and
production facilities are expected to consist mainly of natural gas end

crude ofl vapors. To separates these constituents, an appropriate column
must be used with the chromatograph.

——— v * "
" 3 "

For flam=-1ionization chromatographs, the contents of a source
sample collection bag may be too concentrated and may .ause a flameout of
the flame fonization detector. If a flameout does occur, a secondary

diluted sample can be prepared by mixing gas from the source collection bag :
with ambient air 1n another inert bag. v

Area sampling for gases and vapors {s performed in a similar manner
as source sampling. An inert collection bag is attached to a sampling pump :
and a gas sample 1s collected ir the bag for a period of 10 minutes. Area o
samples should be collected at man breathing height, or about 1.68 m, by i
mounting the sampling pump and collection bag on a tripod. The contents of :
the sample collection bag are analyzed with a gas chromatograph.

Personal sampling for gases and vapo,s 15 usually accomplished by
drawing air samples from the worker's breathing zone through charcoal
sampling tubes for a fixed period of time. Organic vapors present in the
airstream may be adsorbed onto the charcoal. After exposure, the charcoal
tube 1s returned to the laboratory, and any chemicals present are desorbed
from the charcoal and analyzed to determine a time weighted average
concentration. Unfortunately, it is not possible to use charcoal tubes to
collect many of the gases and vapors {(in particular, methane, ethane,
propane and butane) that are known to be present in contaminant emission
sources on offshore oil/gas drilling and production facilities. If the
area sampling results indicate that crew workers are 1ikely to be breathing
air containing significant concentrations of these gases, then another
procedure can be implemented. Short duration (approximately 10 minutes)
samples of the air in a worker's breathing zone (drawn through a pump and
collected 1n an inert sample collection bag) should then be analyzed by a *
gas chromatograph. Thece personal sample results can then be related to
the results of the source and area gas and vapor sampling activities. If
the GC traces from source and area samples indicate the presence of a
chemical vapor otner thar methane through butane, then charcoal tubes
should be used for personal sampling.
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The Phase I study thoroughly characterizec the gas and vapor
emissfon sources on cffshore facilities; therefore, it was not intended to
repeat this extensive effort in the Phase i1 observation,

I1.4 Liguids
I1.4.1 Definition of Pcteptial Hazard

Some hazardous materials in liquid form have been cnserved on both
drilling rigs and production platforms, For example, biocices containing
acroleln are used to control the growth of micro-organisms in oil field
water systems, and metharol may be used to prevent freezing in fuel gas
lines on production facilities. On drilling rigs, caustic soda (sodium
hydroxide) may te adced as a liquid to the driiling fluid. However, the
addition of caustic scda in dry pellet form was observed mcst frequentiy by
project team members.

Liquids that come into contact with the skin may present a hazard
as discussed in Appendix I, Dermatological Effects of Drilling Fluids, in
the Phase I Final Report [1J. Some 1iquids can produce skin sensitization
and irritation, while others may affect health if absorbed through the
skin, Roughnecks working on ihe drilling rig floor often come into
contact with the drilling fluid when adding or removing joints of drill
pipe., Whether or not skin contact with the drilling fluid produces a
health hazard depends upon (1) the nature and the amount of chemicals
present in the mud that could produce dermatological effects, (2) the
extent of skin contact (area covered) and (3) the duration of exposure,
For example, a derrickman working in the mud pit ares may get drilling
fluid on his hands and arms when he takes samples for periodic measurements
of drilling fiuic¢ properties. However, he usually {is able to wash the
fluid from his skin promptly so that the duration of exposure is short.

11.4.2 Experimental Methodology

The Phase I test plan called for the characterization of any
occurrence of extensive dermal (skin) exposure to drilling fluids or
potentially hazardous 1iquids. The characterization should provide
information concerning

o the jdentity of the liquid in contact with the skin
and possible {rritants contained {n the 1liquid.

© the location and approximate area of skin or clothing
in contact with the liquid.

o the duration of contact, and,
o personal hyglene and protective equipment,

Where possible, documentation should alsn include photographs.
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‘ iII. IMPLEMENTATION OF EXPERIMENTAL PLAN

Descriptiop ot Facilities and Operations

During the pertod from April 25 to May 2, 1483, tcur engineers from
SwRI and the USCG Project Technical Monfitor took part in an observation of
offshore drilling and procduction operations. The project team visited a
total of seven fixed platform structures and two drilling rigs as shuwn in
Table 1I1.1. During the seven-day observation a combination of (1) sound
pressure level measurements, (2) noise dosimetry measurements, and (3) dust
and particulate sampling activities were carried out. These activities are

summar{zed below.

o Spund Pressyre Level Contours

Measurements of sound pressure were made and recorded on each
level of every platform and drilling rig listed in Table III.l.
The point-by-point measurements of sound pressure were used to
develiop contour maps of scund pressure level over the platform
surface, Wwhen possible, sound pressure level values were re-
corded with different pfeces of equipment in operation. Also,
sound pressure measurements on Drilling Rig No. 1 were recorded
during both tripping and drilling operations.

Personal Noise Dosimetry

Tabte II11.2 summarizes the noise dosimetry measurement activie
ties of the SwRI project team. Our activities focused on de-

termining the 12-hour noise dosage for platform and rig workers
who worked in proximity to sound producing equipment.

Particulate Sampiing Activities

Table II1I.3 summarizes the particulate sampling activities per=-
formed during the offshore observation. Air samples from the
breathing zone were collected for three classes of workers, (1)
welders and assistants, (2) roustabouts adding chemicals to the
drilling fluid, and (3) roustabouts performing paint and rust
chipping. For the roustabouts, samples of the particie residue
(rafter samples) were collected for analysis to determine the
presence of trace metals, coating materials, etc.

111.1

i

The detailed results of these activities are presented in the
sections that follow.

Sound Pressyre Levels

During the one week of field testing, SwRI personnel conducted
Sound Pressure Level (SPL) surveys on seven production platforms and two .
drilling rigs. This section of the report describes the measurements that "
were made and the format for presenting the data., The bulk of the actual :

data is presented in Appendix A,

I11.2
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TABLE III.1.

Structure
Platform 1

Platform 2

Platform 3

Platform 4

Platform 5

Platform 6
and
Drilling Rig 1

Platform 7
and
Driiling Rig 2

Qperatiens

011/gas production
Sales compressor
Welder's work area

011/gas production

Oi1/gas production

Gas 1ift compressor

Welder's (temporary)
work area

011/gas production
Well work-over rig

011/gas production

011/gas production

Dri1ling and Tripping

011/gas production

Well completion activities

Rig maintenance (chipping
paint and rust, spray
painting)

LIST OF CFFSHORE STRUCTURES AND PROJECT ACTIVITIES

Eroject Acti jties

Sound pressure ontours

Noi: a dosimetry

Sampling for welding
fumes and particulates

Sound pressure contours
Noise dosimetry

Sound pressure contours

Noise dosimetry

Sampling for welding
fumes and particulates

Sound pressure contours

Sound pressure contours

Sound pressure contours

Sound pressure contours

Noise dosimetry

Sampling for drilling
fluid particulates

Sound pressure contours

Sound pressure contours

Noise dosimetry

Sampling for rust and
paint particulates




TABLE III1.2. SUMMARY OF NOISE DOSIMETRY ACTIVITIES

}i
Exposure
Cumulative
Noise Logging
dob Title Location Activity dB(A) Hours 1
Roustabout Rig No. 2 Chipping paint, rust and P
spray painting 106.7 11,5 |
L
Roustabout Rig No. 2 Chipping paint, rust and §
spray painting 102.6 11.4
{
Driller Rig No. 1 Operating controls at )
driller's console during 1
tripping 9l.4 11.8 1
Driller Rig No. 1 Operating controls at ﬁ
driller's console during
drilling 90.8 12.0 !
Derrickman Rig No. 1 Racking stands of drillpipe 1
in derrick during tripping 85.9 12.0 f
Derrickman Rig No., 1 Test drilling fluid, add :
chemicais to drilling fluid, |
service the mud pumps 95.4 11.8 !
'
Roustebout Rig No. 1  Add chemicals to driliing |
fluid 91.6 5.5 v
Roustabout Rig No. 1 Add chemicals to drilling é
fluid 90.2 1.5 :
Assistant Platform 1 Collect operation data on ?
Operator gas compressor. Perform
routine maintenance and
assistance 88.9 12.0
Roustabout Piatform 1  Collect operation data on \
turbine maintenance and
assfistance 88.2 12.0 ﬁ
Welder Platform 1  Welding and grinding 90.3 10.7 y
Electrician Platforms Maintonance and repair 84.7 11.0 i
1 and 2
Welder Platforms Job setup, welding and
1l and 3 grinding 85.1 12.0
Welder's Platforms Job setup, welding and
Assistant 1 and 3 grinding 87.3 12.0
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To measure the SPL's, SwRI used the GENRAD Type 1, Precisfon Sound
Level Meters described in Section I1I1.1.2. 1In accordance with NVC 12-82 and
applicable ANSI procedurss, these instruments were calibratec at the begin-
ning and end of each day. In addition, they were periodfcally checked dur-
ing the day to ensure that they were in calibration,

Where possible, SwRI utilized platform drawings provided by the
participating company. SPL measurements were indicated on the drawings and
operating conditions were documented. One person collected SPL data while
a second individual recorded the discrete points, drew {n contours, and
documented the operating conditions. Development of the contours was fa-
cilitated by moving the SPL meter along an isobar between two discrete
points. This procedure enabled a two-man team to rapidly characterize the
SPL contours on a platform. In a few cases, engineering drawings were not
available or they were not current, In these cases. SwRI personnel made a
sketch of the facility for recording data.

Figure III.1 is an example of the data presented in Appendix A.
The bold contours broken by numbers are the SPL's during "normal" opera-
tions. Normal here indicates the conditions most 1ikely to be present.
The broken Tines with numbers show the shift in SPL's due toc a change in
operating conditions. There is also a cross hatched area enclosing an
asterisk. This represents an area of SPL's which were compared to noise
dosinmetry data. More detafl on this comparison can be found in Sectien
Iv.1.3. Finally, there are triangles with enciosed numbers, which indicate
the points where octave band analyses were conducted.

An octave band analysis 1is generally performed to characterize a —m e
noise source. The procedure involves using a bandpass filter to pass a -
selected frequency within an octave band. The center frequencies for
octave bands considered are: 31.5, 63, 125, 250, 500, 1000, 2000, 4000,
8000, and 16,000 Hz. Note that a doubling of the frequency occurs for each
octave step. SwRI personnel collected octave band data on selected noise
sources as indicated in Tables II11.4 and III.5. The tables provide a sum-
mary of C~weighted (flat) SPL's by octave band. They also indicate the
overall SPL resulting from the combination of octave band levels. Two
values of overall SPL are reported. The "Flat" overall level is based on
C-weighting, and the dB(A) level is based on A-weighting.

The manner in which the decibel i{s defined requires the use of a
special formula to calculate the overall SPL's. For C-wefghting, the re-
sultant SPL 1s calculated from:

1
SPL(I)/10

SPL =10 LOG10 :E: 10 {5}

)
ELTROY o A,

where

SPL(I) is the sound pressure level in the I-th octave band, and
SPLRgs is the resultant sound pressure level.
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TABLE III.4. OCTAVE BAND ANALYSIS OF SELECTIVE SOURCES

Platform:

Area:
Dwg. No.:

Date:
Time:

A\ TN A\ VN A

No.1l No.l No,1 No.l No.l
Generator Compressor
Manifold Room Room Air Intake Fan
A.l A.2 Al A.3 A.S
4-26-83 4-26-83 4-26-83 4-26-83 4-26-83
6:46 AM 7:37 AM 9:18 AM 12:22 PM 12:25 PM

Flat:

dB(A):

RESULTANT SOUND PRESSURE LEVELS
90 105 107 105 104

85 103 105 105 97

Octave Band
Center Freq.

21.5

63

125
250
500

2-K
4-K
8-n

16-K

W A ST 2 e

NOTES 1.

3.
4.

OCTAVE BAND SOUND LEVELS (FLAT)

77 92 82 88 90
76 86 86 91 95
78 91 97 92 100
i 95 98 92 96
76 96 96 94 92
74 94 94 92 90
80 92 90 93 86
| 94 91 8% 82
'8 97 102 104 94
71 98 84-92 92 78
Draw number refers to corresponding figure in Appendix A.

Fla. uvesignates C-weighting

dB(A) designates A~weighting

& - Location of octave band aralysis in indicated drawing
number
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TABLE II1.5. OCTAYE BAND ANALYSIS OF SELECTIVE SOURCES

8\ Vo A A

No, 2 No.2

Platform:

No.2 No,2 No.4

Area: Well Deck  A{ir Intake Exhaust No.2 Deck Exhaust

Dwg. No.: A.S A.S A.S A7 A.10
NDate: 4-25-83 4-25-83 4-25-83 4-25-83 4-26-83
Time: 6:25 PM 6:54 PM 6:57 PM 7:20 PM 4:30 PM

RESULTANT SOUNC PRESSURE LEVELS

105 97

102 94

OCTAVE BAND SOUND LEVELS (FLAT)

Octave Band
Center freq.

31.5 72

88 80 63

63 72 90 82 68 99

75 90 86 70

78 94 9l 70

80 93 a8 72

117

94 86 71

72 88 87 71

66 83 85 87

72

95 90 84 89

64 89 82 78 72

Drawing number refers to corresponcing figures in Appendix A,




To determine the A-weighted overall SPL, the octave band measurements must
be adjusted to their A-weighted values before insertirg into Equation (5).
The A-weighting values given in NVC 12-82 for Octave Bands 31.5 to 8000 Hz
are:

A-weighting (¢B) -39 <26 =-16 -8 -3 0 +1 +1 -1

In accordance with NVC 12-82, the SPL measurements were read to the nearest
decibel. The SPL meter automatically calculated both the C-weighted and A-
weighted overall levels. Sfince this process utilizes more precisfon than
the recorded octave band levels, it is not generally possible to calculate
the precisely same overall value from the recorded data. Additionally, the
octave band analysis is recorded over a period of time during which levels
may vary.

SwRI personnel also documented the noise environment on several
field boats and helicopters. The SPL in the cabins of field boats gener-
ally varied from 75 dB(A) tc 83 dB(A). The level outside the cabin often
was much higher, although 1t varied considerably. Official company policy
required personnel to remain in the cabin during transit. However, workers
often remained on the deck. The occasional helicopter rides produced SPL's
of 87 to 95 dB(A) in the passenger compartment.

Measurements of sound pressure levels on the helipads
during helicopter take-off and landing were not possible due to company
policies on personal safety. Measurements made on the stairways to the
pads were not representative of actual take-off and landing levels due to
the proximity of other noise sources, reverberation and excessive wind
noise across the microphones caused by blade-induced air turbulence. These
sound levels were not, however, consfdered essential due to their very
short and infrequent nature and the companies® policy prohibiting personnel
on the pads.

II1.3 Noise Dosimetry

Noise dosimetry data collected offshore i1s discussed in this sec-
tion. The data was collected using Metrosonic dB=301 Dcsimeters programmed
for an 80 dB{A) cutoff and a 5 dB exchange rate. During sampling, the
microphones from these units were attached to the workers coliar, as close
to the ear as possible. The worker was observed throughout the workday,
and a time-motion record of his/her activities was compiled. The data
obtained during this phase of the testing is presented in three formats to
facilitate analysis. The formats include histograms, cumulative effective
exposures and cumulative dose.

The histograms presented illustrate the variation of exposures en-
courtered during a particular workday. In conjunction with time-motion
studies, exposures canh be correlated to specific werk activities throughout
the day. The time-motion study was reviewed to determine the associated
job activity. This information can be obtained using the legend accompa-
nying each histogram.
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Cumulative effective exposures, Leffr were calculated and plotted
as a function of time. This calcuiation is based on a permissible 8-hour
exposure of 90 dB(A), a 5 dB exchange rate, and an 80 dB(A) cuto’f using
the following relationship.

b

[ Ly 716.61 7
= 16 ! " ! t (6) :
Leff(1) 16.61 LOG 5 10 Lty ]

" oot
:E: 1 i=l
| I i=] ] ‘
where
LA = SPL measured during the i-th sample interval
i
tt, = exposure duration during i-th interval

-
"

time perfod of interest

A plot of the permissible exposure as a function of time was superimposed
on the cumulative effective exposure graphs., The permissible exposure
function 1s described by

SPLogp(1) = 5 L% 8T 4 g0 N

) 1

LOG 2 3
where j
T = exposure time calculated from i

m
S
i=1

A maximum SPLpgr of 115 dB(A) was applied based on USCG NYC 12-82.
Assuming no hearing protection, the permissible exposure was exceeded if

the two curves cross., The 12-hour and 24-hour effective exosures were ;
calculated end are fncluded in each figure. The permissible Lggf(1l2) is '
87 dB(A), and the permissible Lgff(24) 1is 82 dB(A).

Finally, the data were presented as a cumulative dose versus SPL.
By definition, the permissible dose equals 100% as indicated on each
figure. The plots indicate the percentage of the permissible dose due to
exposures to SPL's less than or equal to the indicated SPL.

Details regarding interpretation of the dosimetry data is presented
in Sectfon IV.l.

Figure II1.2 1s a record of the SPL's measured on one of the SwRI c
team. These data were ccllected on the first day offshore as the SwRI team P
toured the field, Table III.6 identifies the activities corresponding to -
the legend on the top margin of Figure III.Z.
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FIGURE III.2. NOISE DOSIMETRY ON SwRI EMPLOYEE TOURING
THE FIELD. (IDENTIFICATION NUMBERP ND 1)
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TABLE III1.6. SPL TIME-HISTORY ON SwRI PERSONNEL

Activity

Inside crewboat traveling to field
Touring Platform 1

Touring Platform 2

Touring Platform 3

Touring Platform 4

Touring Drilling Rig (Jack-up)
Fieldboat to Platform 2

2y
OTMMOOT > E

Figure III1.3 depicts the cumulative effective exposure based on the
data from Figure III.2. This figure was not adjusted to account for hear=-
tng protection, which was worn in high noise areas. The figure indicates
that the permissible cumulative exposure was exceeded at approximately
7.5 hours into the survey assuming that no hearing protection was used
to attenuate sound pressure levels.

Figure II1.4 shows the cumulative dose using the same time-history
data. This plot also reveals that the permissible level was exceeded as-
suming no hearing protection. The peak indicates that this individual was
exposed to approximately 146% of the allowable dose.

Figures IIl.2, I11.3, and IIl.4 serve as examples of the dosimetry
data collected offshore. A totail of 16 dosimetry records were obtained
during the offshore observations. Table III.7 is a summary of ihe dosi-
metry data collected. In all cases except ND 10 and ND 11, the sample
duration was between 10.7 and 12 hours, and the range of dosages varied
from 69% to 1450% of the permissible dose. In eleven cases the received
dose was greater than or equal to the permissible limit. The data col-
lected on these 16 dosimetry observations is presented in Appendix B.

I11.4. Deosimetry for Afrborne Contaminants

Table III.3 in Section III.1 lists the airborns dust and particu-
late samples collected during the offshore observation. In addition to
these samples collected on cassette filters, six bulk or rafter samples
were gathered., These samples were analyzed qualitatively by X-ray floures-
ence (XRF) for elemental composition. The results of the XRF scans are
presented in Table III.8,

The elemental XRF analysss for bulk sample S-4 indicated a large
fraction of Fe (rust) and only small or trace amounts of other metals.
Therafore, the following personal monitoring samples for rust and paint
chipping that correspond to rafter sample S-4 were analyzed gravimetrically
for total nuisarce particulate. The results of these analyses for Samples
M29 through M36 are shown at the top of Page 45.
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FIGURE II1.3. CUMULATIVE EFFECTIVE EXPOSURE ON SwRI
EMPLOYEE (IDENTIFICATION NUMBER ND 1)
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DOSIMETRY DATA COLLECTED OFFSHORE

TABLE 111.7.

Time When
Dosimetry Job or Sample Exceeded Hearing Max Lgff(l2) Lggsl24) .
A :

_1D Number .
ND 1 SwRI

84.85

146%  89.85

7.5 Hrs

10.7 hrs

7.5 hrs i34%  89.40 84.40

ND 2 usce 10.7 hrs
ND 3 Cay 12 hrs 8.3 hrs Y 121% 88.84 83.84
Pumper

ND 4 Day Rou- 12 hrs 8.3 hrs Y 110% 88.18 83.18

stabout

87.35 82.35

103%

10.5 hrs

ND Welder 10.7 hrs

176% 91.36 86.36

11.8 hrs 8.3 hrs
12 hrs * N 78%  85.85 80.85%

Driller

ND

Derrick
Man

ND

90.78 85.78

9%.42 90.42

12 hrs 8 hrs

Driller

ND

Derrick 11.8 hrs 3.7 hrs N 318%
Man

ND

80.97

85.97

Roust=~ 5.5 hrs

about

ND

19% 75.20 70.20

Roust~- 1.5 hrs

about

ND

84.05 79.05

58%

Electri~ 11 hrs

cian

ND

1450% 106.31 101.31

.8 hrs

11.5 hrs

Roust-
about

ND

97.21

1.5 hrs 820% 102.21

Roust~ 11.4 hrs

about

ND

ND 15 Welder's 12 hrs 12 hrs N 100% 87.28 82.28

Assistant

16 Welder

12 hrs * N 69%  85.10 80.10 o

RO

*Allowable level was not exceeded during the sample.
Y = Hearing protection worn in designated areas.
N = No hearing protection was worn during the day.
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TABLE III.8, RELATIVE ELEMENTAL COMPOSITION OF BULK SAMPLES

(Parts Per 10 Parts Total Detected Elements)
Method: X-Ray Fluorescence

LA d § e et

Element =2 =3 S=4 =5 =6 =7 '

Al 0.5 0.2 - t* -

S 0.2 5 t t - 1

R) 9 0.1 t 0.5 4.5 0.5

a - t 1 - - 0.5

K - - - 8 - t .

Ca .l 0.4 t t 0.5 1 -

Ti 0.1 0.1 0.5 t - 1.5 R

Cr - - - 1 4.5 - 34

Mn - 0.1 t % % t .

Fe 0.1 4 8 0.5 0.5 3 %
v Zn - - 0.5 - - 1.5 i

Pb - - - - 1 “.

Ta t - - - B

Sr - t t t - t ;E.

* 1t = trace
** Mn = not detectable due to strength of Cr line

Bk e e me

Key: $-2 = Mud Chemical
$=3 = Mud Chemical
$~4 = Rust and Paint Chipping Debris (fine)
5~5 = Mud Chemical
S=6 = Mud Chemicaj
S=7 = Rust and Paint Chipping Debris (rough)

B O P T




A
Ry b Lo -
g e e AR o e e N
4 . LW SN S sy ¢ e w e o

Sample Number Q(Lpm) t{min) wc(ug) C(mg/ﬂé)
M29 1.662 100 300 1.80
M32 1.662 100 490 2.95
m28 1.662 98 678 4.12
M30 1.686 100 515 3.05
M31 1.686 100 520 3.08
M36 1.686 39 199 3.02

These measured concentrations are less than the TLV~TWA of 10 mg/m3

for total nuisance particulate. The measured contaminant weights reflect
filter conditioning to prescribed temperature and relative humidity prior
to and following sample collection,

Bulk samples S-7 corresponds to rust and paint chipping personal
sample numbers M27, M34, M35, M37, M38 and M40. The indication of lead in
the bulk sample, possibly from a paint primer, eliminated a gravimetric
analysis for these occupational exposure samples. These samples were
quantitatively analyzed by atomic absorption for Pb, Zn, Fe and Cr. Lead
is of primary concern., The latter three elements were included to verify
the XRF scans., The absence of Cr in both paint chipping bulk samples
suggests that non-chromated paints were used. The analysis results for
these six samples are summarized below. In all cases, the filter blank
did not contain any of the four metals above the detection limit.

eI e

Yeight of Apnalyte (Lg)
: sample No, Yao o fe n eb Cr. i
f r.
: M=27 169.2 180 14 <4.% <6 ]
M=34 171.0 60 30 <4,5 <6
M=35 i76.0 8 13 <4.5 <6
M=37 116.3 17 3.8 <4.5 <6
M-38 169.2 98 10 <4.5 <6
M-40 171.0 10 39 <4.5 <6
Air! c trati (mg/ 3} W
Sample No.  Fe,0, Zn0 Pb Cr l?
M-27 1.5 0.10 <0.026 <0,035
M-34 0.5 0.22 <0.026 <0.03°
M-35 0.03 0.92 <0.026 <0.034 s
M=37 0.02 0.41 <0.039 <0.052 =
M-38 0.83 0.07 <0.026 <0.035 ¥
M-40 0.08 0.28 <0.026 <0.035 <
3

ot i,




The concentration of 1ron oxide was calculated by multiplying the iron
concentration by the ratio of the molecular weight of the oxide to the
motecular weight of bivalent iron, An analogous calculatfon was used to
obtain the concentration of zinc oxide. In the case of lead and total
chrome, concentratfions were calculated at the detection 1imit.

Sample numbers M101 through M103 and M126 through M129 were col=-
lected during welding and grinding. A1l filters were scanned using XRF,
and Fe, Mn and Zn were identified. The Amerfican Welding Society publicati-
on, Fumes and Gases in the Welding Enviropment (publication number
FWG, 1979), indicates that Fe and Mn are the dominant fume components for
the E7018 and E6010 welding electrodes that were used on the platform. All
three elements were quantified by XRF (NIOSH P&CAM 345) without removing
the filters from the cassettes. The elemental concentrations of Fe and Zn
vere converted to Fez03zand Zn0 equivalents for later comparison with the
appropriate TLY. The concentration of elemental Mn fume was also calcu=-
lated. Fume concentrations under the welder's heimet are summarized below.

3

—Soncentration (mg/m- ). =
Sample Number Mn FeZO3 Zn0

M101 0.046 0.643 <0.02%
M102 0.028 0.249 0.170
M103 <0.015 0.070 <0.018
M126 <0.019 0.120 <0.024
M127 <0.024 0.093 <0.030
M128 0.018 0.035 0.030
M129 <0.023 0.142 0.124

The X?F detection limit is 3ug for each element. For elements not
detected, concentrations were calculated at the datection limit.

The last series o7 personal samples were collected during addition
of dry chemicals ti the drilling fluid. Sample numbers Pl through P4 were
set up to collect respirabie dust samples on PYC filters, {.e. the method
for nuisance dusts. The results of gravimetric analysis of these samples
is summarized below; concentrations are reported as respirable nuisance
dust. A1l of these values are lc¢ss than the TLV-TWA value of 5 mg/m3
for respirable nuisance particui.“e even without calculating an 8-hour time
weighted average concentration,

Sample Number Q(Lpm) timin) W;}Ug) C(mg/ma)
Pl 1.381 119 71 0.43
P2 1.381 113 39 0.25
P3 1.381 40 27 0.49
P4 1.381 94 76 0.58
46
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A1l gravimetric analyses include filter dessication before tare weighing
and firal weighing.

Materi21 Safety Data Sheets were obtained from the manufacturer of
the dry chemicals corresponding to bulk samples S-2, $-3, $-5 and S-6.
Decisicns regarding the type of analysis for samples ML through M4 and M107
through M110 were guided in part by those MSDS sheets. Sample numbers M1,
M2, M3, and M4 represent personal total dust exposure during addition of
dry, bagged chemicals to the driiling fluid. The samples were collected on
0.8 mixed esters of cellulose (MEC) filters. X-ray fluorescence scans of
the bulk materials indicated the presence of chrome in two of the four dry
chemicals that were handled, but the valency of the chrome is not indicated
by X-ray. The filter media was appropriate for sampling and analysis of
certain chrome compounds (MIOSH P&CAM S3Z3 and 5352) but not for chrome VI
which uses a PVC f{lter (NIOSH PACAM 319). The Material Safety Data Sheets
for one of the two chrome~bearing chemicals indicated the presence ot water
soluble chrome VI (sodium dichromate). Given the potential for chrome VI
on the MEC filters, the following analysis procedure was devised in
consultation with an AIHA accredited laboratory.

0 Water extract filters to remove soluble dichromates
(chrome VI) and soluble chrome II and III.

Conduct two analyses on the water extract.
o AAS for total soluble chrome,

o Colorimetric analysis for scluble chrome
VI per PSCAM 316.

Calculate by difference the amount of soluble
chrome II and III.

Analyze by AAS the insoluble fraction (residue
of extract) for total insoluble chrome II and
II1 per PACAM S323,

This procedure was selected to maximize the information from the samples;
the 1imitations of the procedure are recognized. The results of the
analysis are summarized below.

Insoluble
Total Soluble Total Soluble Chrome, Samplie Sample

Sample No, _Cr YI (ug)  Chrome, (ug) IL.IIIL., (pg) Yol (L) Tima (min)

180 123
164 112
60 41
138 94
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T emm o,

A blank filter was submitted for analysis and produced the same results.
Chrome in any form was not detected acove the indicated detection limits.
Soluble chrome II and III is at most of the order of 7.5u3. Concentra-
tions were calcuiated at the detectfion 1imit and are summarized below.

Total Soluble Total Soluble Insoluble
Chrome_V1 Chrome (I1,(I1,VI) Chrome IJ,II1 :
Sample No, (mg/m?) (mg/m) __Smg/m) y
4
: M1 <0.003 <0.044 <0.017 ,'
: M2 <0.003 <0.049 <0.018
M3 <0.008 <0.133 <0.05

| M4 <0.004 <0.058 <0.022

These results indicate that al] exposures were less than (.05 mg/m3 for
soluble chrome VI and 0.5 mg/m” for soluble or insoluble chrome II and III.

it

Tabie III.3 indicates that four area samples (M107 through M110)
were collected during addition of dry, bagged chemicals to the drilling
flufd, Analysis of these four samples was not justified because

e e

0 physical constraints and air current patterns around the mud
makeup hopper were not conducive to collecting a representa- i
tive alrborne sample, and

o the results of the personal exposure sampies were extremely
Tow.

T
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IV, INTERPRETATION OF RESULTS
Iv.1. Sound Pressure Levels and Dosimetry
Iv.1.1 Measured Sound Levels

In this section, the results of the SPL surveys have been inter-
L preted relative to NVC 12-82 gufdelines. NYC 12-82 makes recommendations
regarding both cumulative exposures and peak exposures. The document rec-
ommends that current "vessels should ensure an Lgfs(24) less than or equal
to 82 dB(A). It further recommends that non-impulse noise levels over 11§
dB(A) and fmpulse noise levels over 140 dB(A) be avoided. The circular
further recommends that exposures between 105 dB(A) and 115 dB(A) be com-
Frised of intermittent exposures "such that each exposure duration {s one-
seventh of the total allowable exposure at that noise level" [NVC 12-82].
Finally, it 1s recommended that personnel wear hearing protective devices
in area with levels over 85 dB(A).

The Coast Guard and the International Maritime Organizattfon (IMQ)
recognize the problems associated with reducing noise levels on relatively
small vessels and facilities. For this reason, a noise standard published
by IMO in November 1981 1s applicable only to vessels over 1600 tons.
Since NVC 12-82 represents the USCG's implementation of the IMO code, fit,
too, s aimed at ocean-going vessels over 1600 tons. The tight conditions
! on smaller vessels lead to a great deal of structure-borne noise which may
be excessively costly to adequately attenuate using engineerinj controls.
Therefora, the circular suggests tirat both engineering and adm:nistrative
controls be implemented to ensure that the exposure criteria are met.

A review of the SPL contours developed during the field study in-

dicates that a majority of the noise levels genarally ranged from the 70's
to approximately 100 dB(A), although levsls were detected as high as 117
dB{A) and as low as 41 dB(A). The results of the survey can be readily
compared to NYVC 12-82 by considering two ranges of SPL's. Llevels below 8%
dB(A) do not require action according to NVC 12-82. NVC 12-82 considers 85
dBV(A) an action level. Warning notices are recommended in areas exceeding
85 dB(A). Further, it recommends that

"Unless the Ly¢r(24) computed or measured for a crewmember
accounts for and allows such an exposure, crewmembers
should be required to wear hearing protective devices
whenever entering spaces with noise levels greater than

85 dB(A)." [NVC 12-82)

The distribution of SPL's as shcwn on the contour plots in Appendix
A indicates that entire portions of each offshore facility can be identi-
fied as normally falling above or below the 85 dB(A) action jevel. If
company policies require hearing protuction in all areas where the SPL ex~
ceeds 85 dB(A), the costs associated with computing or measuring a specific
employee's exposure will be minimized, Alternatively, companies could
consider requiring ear protection everywhere outside of the crew quarters.
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An exception occurs 1f the worker engages in an activity which produces a
high SPL. Chipping paint with a needle gun 15 a prime example of this
situation. The work may be performed

in an area with a normal SPL contour of 70 or 80 dB(A), well pelow the
action level. However, the activity may produce SPLs at the worker's ear
level in excess of 110 dB(A).

Iv.1.2  Noise Dosimetry

SwRI has interpreted the results of the nofse dosimetry records
based on the recommendations outlined in USCG NVC 12-82 [71. This is a
general interpretation of the recorded levels. No attempt was made to de-
termine the actual exposure received by an individual., The decision tc
avoid assessing a specific exposure was based on several items, First, in
most cases, it was impossible to determine the NRR (Noise Reduction Rating)
of protective plugs or muffs, Generally, no model number or NRR could be
located on the devices, In addition, the adequacy of the fit was not
known. Therefore, SwRI has made no attempt to determine compliance levels.
The records in Appendix B indicate the exposures received if no hearing
protection is used.

Figure IV.1l shows the cumulative effective exposure during the
course of sampiing on a roustabout. During the sample period, the worker
was primarily involved in chipping paint with an air-driven needle gun.
The Lesf(24) for an unprotected worker was caiculated to be 101.31 dB(A),
presenting 1450% of the permissible exposure. The level of exceedance is
based on a calculation of tiha permissible dose using an extension of the
procedures given in NVC 12-82,

The permissible dose was defined as the length of time that an in-
dividual may be exposed to a particular SPL. For exampie, an exposure of
90 db(A) for 480 minutes is 100% of the permissible. Likewise, an exposure
of 90 db(A) for 240 minutes 1is 50% of the allowable level. For non-impulse
noise, NVC 12-82 indicates the range of SPL's which should be considered is
80 dB(A) to 115 dB(A). For esach level in this range, SwRI calculated the
length of time required to reach 100% of the permissible exposure. The
actual length of time that the individual was expcsed to a particular SPL
was determined from the noise dosimetry record. The ratio of the actual
time to permissible time represents the dose at a given SPL. Finally, the
cumulative dose may be calculated by summing over the range 80 to 115
dB(A). The function is shown as

115 |
T
% Cumulative Dose = 3. ;ﬂi§5¥l % 100 (8)
spL=go P 'FL)

where = time the worker was exposed to a specified SPL

tacsPL)

tP(SPL) = time to reach maximum permissible level when exposed
to a given SPL. This assumas no other levels are
present.
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The result of this procedure may be plotted as shown in Figure
Iv.2(a). This type of plot appears to be particularly useful in assessing
the severity of an overexposure and in estimating the effects of implemen-
ting a program to reduce exposures. For example, 1t is relatively simple
to estimate the reduction in the overall dose due to applying an attenua-
tion to all exposures greater than some action level. Figure IV.2(b) and
{¢c) show two examples of attenuating levels greater than or equal to 85
dB(A), Note that 85 dB(A) was chosen as the action level based on NVC 12-
82. Figure IV,2(b) shows the result of applying 10 dB(A) attenuation.
Figure IV.2(c) is the result of applying 20 dB(A). For 10 dB(A) attenua-
tion, the original 90 dB(A) exposure durations were added to the B0 dB(A)
exposures. The contribution to the overall dose was calculated by dividing
the new sum by the permissible duration at 80 dB(A). The same procedure
was foilowed for all levels >90 dB(A). Note that 85 through 89 dB(A) can
be ignored because 10 dB(A) attenuation reduces them below the 80 dB(A)
cutoff recommended by NYC 12-82. The same type of process was used to
apply 20 dB attenuation in Figure IV.Z.(c). This analysis indicates that
at least 20 dB attenuation was required to reduce the worker's exposure to
a level below the permissible exposure.

e — e e -~

—— . e

SwRI personnel did not attempt to evaluate the ncise reduction
provided by the various hearing protective devices used by offshore person-
nel. Ir this study, 1t was our intention to evaluate the noise environ-
ment, not the personal devices used to attenuate the SPL. Therefore, we
only noted that perscnnel did or did not use some form of protection,

Devices observed in use included cotton balls, fitted plugs, foam plugs,
and earmuffs.

The Occupational Safety anda Health Administration (CSHA) tssued an

amendment to {te noise standard (29CFR1910.95) [8] on March 8, 1983. This
new amendment emphasizes the use of noise dosimetry to determine worker
exposure. The National Institute of Occupational Safety and Health (NIOSH)
has established practices for determining compliance [8]. The procedure is
based on the calculation of an overall dose. The maximum dose shown ir
Figure IV.2(a)(b)(c) and similar figures in Appendix B represents this
overall dose. Noise exposures are then classified by dose as shown in Table
Iv.1 [8]. The second column on Table IV.,l indicates the number of SwRI

. dosimetry samples which reuslted in a dose within the indicated range.

Based on these data, it appears that a hearing conservation program is re-
quired for offshore workers.

Iv.1.3 Comparison of SPL and Dosimetry

3 : As previously described, SwRI utilized precision sound pressure
R Tevel (SPL) meters and personal dosimeters to measure potential noise
exposures, In several cases, both techniques were used concurrently. In
other cases, it was possible to identify locations that were sampled using
both types of instruments at different points in time. Documentation
accompanying the dosimetry records was reviewed and several cases which may
be compared to the SPL survey data were ifdentified.
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TABLE Iv.1. CLASSIFICATION OF NOISE EXPOSURES
Number of -
Dosimeter | SwRI Samples
Reading® | In Indicated 5 OSHA Complianc Potential Regu]atory
L (%) _Range i Classification Action
!0-38% 1% Compliance documented| No action taken unless
, other portions of noise
standard are exceedsd.
|
38-64% 1 Possible exposure Further sampling recom—
above action “evel mended, hearing conser-
(50%). vation program opticnal.
64-75% 1 i Exposure above Agency may cfite for
action level | failure to implement
documented. | hearing conservation
program,
|
i75-l31% 6 Possible exposure Further sampling recom-
above 90 dB(A) mended, engineering con-
standard (100%). trols optional, hearing
conservation program
required.
132% or 7 Noncompl iance Citation probable, engi-
above documented. neering controls re-
Program required, quired if feasible,

L

hearing conservation.

*Sample duration was 1.5 hours

*Extracted from Reference [8]

Note:

Dosimeter reading equals percent permissible dose.

This 1s

jndicated as "Cumulative Dose" on Figures IV.2(a), (b), (¢), and
similar figures 1n Appendix A,
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The criteria that were used in selecting itoems for comparison in-
cluded location, duration, and activity. The location is important be-
cause {t determines what value on the SPL survey should be used in the com-
parison., The resolution required in defining this location is dependent on
the spatial var{ation of SPL in the area. For example, if a worker fis
standing near a noise source (1.e. generator, crane, etc.), the SPL wil]
decay rapidly with distance. Therefore, it 1s important to know if he was
two feet from the source or five feet from the source. Alternatively, an
entire deck may have a nearly constant SPL. In this case, 1t is only
necessary to know the worker was on the deck.

Duration is important due to the sampling procedure used in the
noise dosimeters. These units record 480 intervals. The duration of these
intervals 1s programmable, During this observation, all units sampled for

two minutes before storing a value, The SPL meters provide essentially a

real-time representation of the SPL fileld. Truly valid comparisons between
the two instruments can only be made if the source remained constant during
an entire 2-minute sampling interval. This requirement implies both a con~
stant worker location and a constant activity during the sample.

Activity 1s used to denote a job function or operating condition,
Job functions might include welding, painmt-chipping, or any other work,

Operating conditions include tripping a string, crane operation, or any

other condition which might a¢ffect the SPL environment. It is impossible
to compars the dosimetry levels recorded on an individual using a needle
gun in a specific loucation of the platform to the SPL's recorded at that
location when no paint-chipping was being conducted.

Several of the cases that were identified for comparison have been
included in this section. Table 1V.2 provides a cross refarence between
figures depicting SPL survey and dosimeter results. It also provides a
brief description of the worker's activity. Several entries are described
in greater detall in the remaincder of this section.

Item No, 1 {s a very important comparison. In this particular
case, the SPL survey was conducted while a driller was wearing a noise
dosimeter. In the documentation for this dosimetry sample, the SPL levels
detected over a period of approximately 15 minutes were also recorded. As
shown in Table 1V.2 the levels recorded by both methods were very close.
Unfortunateiy, the range of levels makes 1t very difficult to estimate po-
tential exposures based on the 15-minute sampling. This 1s characteristic
of locations where changing activities produce a wide range of SPL's, The
SPL recorded near the driller varied almost constantly during the 15
minutes that the SPL's couid be cerrelated to documented activities.
Apnlication of the brakes resulted in short duration excursions as high as
107 dB(A) at the driller's ecar. A level of 84 dB(A) was produced when
either the drawworks motor or the rotary table were in cperation,
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This observation indfcates that, when SPL meters are used, an ac-
curate assessment of potential exposures to levels exceeding NVC 12-82 re-
quires measurements for every operating condition and an estimate of the
duration of each condition during an individual's shift. For repetitive
activities such as tripping a string, 1t may be possible to describe a duty
cyclie at a specific location. This requires that SPL measurements be cor-
retated to activities and operating conditions over a period of the cycle.
The potential exposure can then be estimated based on the number of cycles
which occur during the worker's shift. Figure IV.3 illustrates the time-
varying nature of the SPL at the driller's position. The record does ap-
pear tc be somewhat cyclic. However, i1t is not obvious what period wouid
be appropriate for measurement. Figure IV.4 shows the area of the platform
where compzrative samples were gathered. The SPL survey documentation in-
dicates that the noise level varied from 87 to 100 dB(A) near the driller
depending on the activity. However, the existence and details of any
cyclic pattern were not determined. In this type of situation, it appears
that dosimetry 1s the most accurate, cost effective means of {nterpreting
exposures relative to NVC 12-82.

Item Ng. 2 is a good example of a relatively constant dosimetry
measurement that disagrees with the SPL survey due to different equipment
operating conditions. Figure IV.5 shows the noise dosimetry records. The
roustabout was in the area indicated on Figure IV.6 during intervals A,B,C
and E. In this case, the SPL survey was conducted during a shift when much }
of the equipment in the area was not operating. During the dosimetry :
observation, mud pumps and other pifeces of equipment were operating. The
consistency of the levels recorded by the dosimeter indicates that simply ;
surveying the area during similar operating conditions would probably have o
been sufficient to estimate potential exposures. However, 1t also shows ii
that 1t 1s not acceptable to assume that SPL's measured at one time are
valid during a1l operations.

The remaining 1tems 1n Table IV.2 refer to SPL survey figures 1in
Appendix A and noise dosimetry figures in Appendix B. For the SPL con-
tours, the area of interest is identified by the symbol or label indicated
in Table IV.2. The span of time during which the noise dosimetry was con-
ducted in the same area 1s designated by the intervals at the top of each
dosimetry plot. 1In Table IV.2, the range of sound levels indicated for SPL
and notss dosimetry are estimates based on documentaticn. As discussed
previously, spatfal and temporal resolution affect the accuracy of these
comparisons. Items 9, 10, and 13 show discrepancies between the SPL survey
and the dosimetry records although the facility was believed to be opera-
ting under the same conditions. The differences are bslieved to be due to
conversations, televisions, radios, and other miscellaneous sources. The
contribution of these sources were not documented. However, the dosimetry
samples generally occurred duvring lunch, coffee break, and at shift changes
whan a relatively large number of people were present. The SPL surveys
were conducted at times when a small number of people were present. This . .
ensured that measurements were representative of the SPL's due to platform ;
operations. : :
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Iv,2 Airborne Contaminants

Sample Ncs, M29, M32, M28, M30, M31 and M36 were collected sequen-
tially on one worker who was performing rust and paint chipping., Based on
XRF scans of the chipping debris, it was concluded that the airtorne sub-
stance could be classed as a total nuisance particulate, Accordingly. the
samples were analyzed gravimetrically. Al1 {individual sample concentra=-
tions were_less than half of the ACGIH total nuisance particulate TLV-TWA
of 10 mg/m3. The time-weighted average exposure_during the 538-minuta
chipping operation was calculated to be 3.0 mg/m”., The individnal sample
concentrations represent integrated levsels over the sampling durations.
Signi€icant excursicns above these levels would not be expected because the
chippirg operation was conducted nearly continuouslv without interruption.
These measured dust levels for this scenario suggest that the respiratory
comfort of the paint chipper may have benefited from the use of a dispcs-
able nuisance dust respirator.

Sample Nos, M27, M38, M34, M35, M40 and M37 were collested on a
second individual who was also performing rust and paint chipping opera-
tions but in another area of the platform. The possible presence of lead
in the chipping debris as determined by qualitative XRF scans of tie debris
indicated that an elemental analysis, not a nuisance dust apprcach, was in
order. The analysis revealed that lead levels were belos the datection
1imit, At the detection 1imit, lead concentraticons were well below the
TLV~TWA of 0.15 mg/m’, The absence of chrome in the bulk samples was sub-
stantiated by quantitati’e analysis of the filter deposits. Hence, the
zinc was not chromated but most probably was present as an oxide for
pigmentation. Concenirations of Zn0 were well below their total nuisance
dust 1imit of 10 mg/m”. In the final aralysis, this set of samples could
also have been analyzed gravimetrically for nuisance dust. However, this
scenario demonstrates an important point. Analysis of samples must be
guided by a thorough knowledge of the history of the materials that are
involved in an operation. Lead and chromated paints may have been used at
some point in time on this portion of the platform. In the absence of this
historical knowlecge, the conservative approach is to make analysis proce-
dure decisions based on a qualitative evaluation of the paint debris.

The welding fume samples M101 through M103 and M126 through M129
were collected in accoruance with AWSF1l.1-76. Thase samples reflect con-
centrations under the hood when welding was in progress and in the breath-
ing zone when the welding heimet was raised for weld inspection, Based on
the electrede classificetions and the base material (uncoated mild steel),
x-ray fluorascense analyses of the rilters indicated that

o manganese fume concentrations were roughly one-thirtieth of the
1.0 mg/m3 TLV-TWA, and

¢ zinc oxide and iron oxide fume concentrations were substantially
below the TLV-TWA of 5 mg/in3.
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Two series of samples were collected sequentially during addition
of dry chemicals to the mud makeup hopper. One series consisted of respi~
rable nuisance dust samples (Pl through P4), Each sampled concentration
vas nominally one order of magnitude below the respirable nuisance dust
TLV~TWA of 5 mg/m3. The TWA exposure relative to an 8-hour day was 0,32 !
mg/m3. The second serfes of samples, Ml through M4, was analyzed quanti-
tatively for chrome because the presence of this element was indicated by !”

H

I

¥

{1) qualitative XRF scans of the bulk material and (2) information on
Material Safety Data Sheets for competitive mud products that perform the

same function as the bagged materials that were used on the drill rig. The
analysis indicated that

o)

soluble chrome VI 1svels were below the detection limit, At the 3
detection 1imit, ail chrome VI concentrations were less than
0.008 mg/m3 relative to a TLV-TWA of 0.05 mg/m3,

soluble chrome II and III were also below the detection 1imit.
At the detection 1imit, calculated concentrations were well
below the chrome II and III TLV-TWA of 0.5 mg/m3, and

© similar results were obtatined for {nsolubie chrome II and III.

In the final analysis, these samples could also have been analyzed gravi=-
metrically for total dust concentratior. However, the caveat that was

associfated with the rust and paint chipping operation 1s appropriate to
this scenario also.
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Y. CONCLUSIGNS AND RECOMMENDATIONS

V.1 Noise

The conclusions presented here are based cn the documentation and
measurement activities conducted during this project. The operating condi-
tions and worker activities depicted 1u this report may rot always be typt-
cal of the offshore industry. Therefore, unless otherwise indicated, these
conclusions should not be generalized.

o The SPL environment on offshore production platforms is reia-
tively constant over time. Local variations do occur when
welders, cranes, portable generators, and other equipmert are
operated. However; the operating ccnditions appear to stay re-
asonably stable from day to day.

The SPL environment on drilling rigs is much more time dependent
than on production platforms, Operating conditions may change
on a somewhat random basis depending on the type of bit, forma-
tion structure, drilling depth and many other variables., For
example, the mud pumps and shale shakers may not be noise
sourcas ouring tripping operations. However, the time required
to conduct the tripping operation, and the time between tripping
operations are both varfable, making exposure estimates from SPL
surveys very difficult,

Dosimetry measurements provide the most accurate method of
evaluating potential noise exposures incurred by an individual;
but the dosimetry does not isolate major noise sources unless
stmultaneous time-motion data are recorded.

SPL survey techniques provide a rapid means of evaluating the
spatial distribution of SPLs. Temporal variations require ad-
ditional surveys if the data is to be used in estimating a
worker's exposure. The temporal and spatial resolution of both
the SFL environment and the worker's activity should be consi-
dered to assess the validity of exposure estimates.

SPL surveys are well suited to finding areas which exceed the
recommended action level of 85 dB(A) for hearing conservation
programs. The company may then elect to determine or calculate
exposures for specific individuals. Alternatively, company
policy might require hearirng protection in all areas where the
SPL exceeds 85 dB(A).

Dosimeters capable of "dumping" time-dependent raw data provide
an excellent means of assessing exposure problem areas. This
type of instrument should be considered when svaluating the SPL
environment on a facility.

Dosimeters which provide a "pottom line" assessment of exposures
are probably adequate to ensure compliance with standards. This
type of instrument may provide a calculation of the cumulative
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effective exposure, Lgsf; the dose as a percsnt of the permis-
sfble; and the maximum SPL recorded. Features and options vary
from model to model.

Recent studies (9] indicate that 50% of industrial workers
tested in-situ "....were receiving less than one-half the
potential attenuation of the earplugs". The reason was im=-
proper application of tne protective device. The tests
considered preformed, acoustic wocol, custom molded, and
acoustic foam earplugs. These findings should be considercd
when (1) selecting protective devices based on an assessment
of the required attenuation and (2) implementing a training
program.

Measurements obtained during this study indicate that potential
noise exposures are generally above 100% of the permissible
exposure level. A1l samples collected for a full shift
indicated a potential exposure greater than 50% of the OSHA
permissible dose. Therefore, hearing conservation programs
should be employed.

Confined areas such as compressor buildings and generator rooms
had warning signs and hearing protective devices were provided
at the entrances. However, the SPL contours around the outside
of these sources may alsc exceed the 85 dB(A) action level
recommended 1n NYC 12=-82. The excesdance may be due to either
the source within the confined space or that source combined
with other noise sources exterior to the enclosure. The
circular advises employers to determine actual exposures or
require hearing protection in these surrounding areas to ensure
an Leff(24) <82 dB(A),

The use of the word "spaces" in NVC 12-82 regarding the posting
of warning notices should be interpreted as both open spaces and
confined space,

The current recommended Lg¢s(24) of 82 dB(A) can be achieved
through a combination of engineering, protective equipment and
administrative cont-ols. The Lgs¢(24) of 77 dB(A) proposed for

"vessels" constructed after 1985 will require more stringent
admin{strative controls. Engineering controls will be prohibi-
tively costly.

NVC 12-82 presently recommends SPLs <75 dB(A) 1in living quar-
ters. Future "vessels" should have SPLs <70 dB(A). In many
cases, the SPL measured in living quarters was less than 70
dB(A), Exceptions tended to result from a jathering of people,
television, maintenance, and testing equipment for short
periods.
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o Workers generally spent 12 hours per day fnside the living
quarters. Thereforae, an Lgsf(12) may be more appropriate than ’
an Lgssl24) for offshore operations. The evajuation of a
worker's exposure over a l2-hour period will probably reduce
the costs associated with making the necessary measurements.

0 NVC 12-82 is a recommended guideline that applies strictly to i
inspected commercial vessels excluding Mobile Offshore Drilling :
Units. The USCG recommends that, in the absence separate guide-
lines, NVC 12-82 also be applied to offshore rigs and platforms.

This sftuation accounts for varying degrees of awareness of the
NVC. Workers wers not aware of 1ts existence. Some facility .
owners are aware of the NVC, others are not. '

o NVC 12-82 appears to be applicable to operations on offshore
facilities, As applied to offshore work schedules, an Lg¢s(24)
of 82 dB(A) and a 5dB(A) exchange rate is equivalent to 12 hours g
at 87 db(A) followed by 12 hours below an 80 dB(A) threshold. b
Consistent with the Coast Guard philosophy of an action level, a
hearing protective devices should be worn in areas that exceed
85 dB(A). The applicability 1s directed toward individuals with '
normal hearing. Noise sensitive individuals would benefit from :
a screening program that would fdent{fy thesa individuals and .
treat them accordingly--possibly with a recommendation for !
continuous protection everywhere outside of the crew quarters.

V.2  Alrborne Contaminants

The conclusions that follow are based on a 7-day observation of
offshore drilling and production operations. During this 7-day period, 1t
was possible to observe and monitor only a small portion of the drilling
fluid chemicals and additives that are used in driiling operations. Simi-
larly, not ail maintenance activities occurred during this period, e.g.
sandblasting., Consequently, the conclusions are specific to the cbserva- i
tion period and the materials/ operations that were involved; extrapolation j
or generalfzation to other situations is not justified. '

o The debris from rust and paint chipping resulted in exposures to
total nuisance dusts at levels that were less than half of the
TLV-TWA of 10 mg/m3, In general, rafter samples cf the chipping
debris should be analyzed first for the absence of lead, chrone
and other toxic trace metals in order to justify the nuisance [
dust assumption. i

o Welding on mild, uncoated steel resuited in breathing zone fume
concentrations of manganese, zinc oxide and iron oxide that were
substantially below their respective TLVs.

o Addition of dry, bagged chemicals intco the mud makeup hopper
produced respirable nuisance dust exposure concentrations that
were roughly one-tenth of the 5 mg/m3 TLV-TWA. However, care
should be taken to consult manufacturers' Material Safety Data
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Sheets to determine whether the drilling fluid chemicals contain
toxic metal compounds, such as sodium dichromate, which may
nullify the nuisance dust assumption.

Opportunities did not arise to observe the following operations or mate-
rials

o sandblasting.

o spray painting,

o confined space entries involving, dust

or vapor atmospheres,

o addition of asbestos-containing mud chemicals, and

o oil-base drilling muds.

o skin contact with well completion fluids

Based on Phase I of this study, it was concluded that the potential
for vapor or gas exposure was minimal during normal rig operations., There
are sources of high concentrations of fugitive emissions, However: the
size of the sources and the release rates are such that meaningful concen-
trations do not develop in the workplacs.

During the 7-day test, opportunitfes did not arise to monftor oc-
cupational exposures to silica from sandblasting. Despite this situation,
sandblasting 1s a fairly routine operation on Quter Continental Shelf
facilities. The hazards assocfated with respiratory exposure to free
silica are well recognized. For improperly protected workers, chronic
fatal silicosis may occur after 10 years of exposure [10,111. Acute fatal
sandblaster's silicosis may occur after intense exposures over three to
four years [1C,11]. The hazards of exposure are not 1imited to the sand-
blasters, Samimi's research [11] revealed thet workers who were not direc
tly 1nvelved in the blasting operation wers exposed on the average to free
silica concentrations up te 2.7 times the TLV. Free silica cdust from an
adjacent blasting operation was transported by the ambient wind to where
the unprotected employees were working. That study also revealed that
sandblaster's exposures were excessive and resulted principally from the
use of nonair-suppiied hoods, worn-out hoods, defective air-supplied hoods
and careless procedures. Based on this discussion, {t is recommended that
future industrial hygiene surveys be conducted to identify the frequency
and duration of blasting operations, the corresponding occupational expo-
sures of blasters and support workers, and the level, extent and condition
of respiratory protective equipment,

In addition to sandblasting, an opportunity to observe the handling
of well completion fluids did not arise during the 7~day test. Saturated
brine solutions such as sodium, potassium and calcium chloride or bromide
are used to displace the drilling mud from the well bore prior to perfo-
rating. The Phase I report (Ref. (1), Appendices K and L) summarized dis-
cussions with drilling crew members that showed an awareness of the poten-
tial for skin irrftation due to contact with saturated brins solutions,

One drilling contractor posted a notice in the crew's quarters warning the
crew of the {rritation hazard of saturated brine solutions, and advising
the use of a skin barrier cream to avoid contact. Crew members were also
advised to rinse their hands for 15 minutes under running water {(with hand
washing) to avoid irritation and {nfection from skin contact with saturated
brine solutions.
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NOTE: QUARTERS MARKED OCCUPIED
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NOTE:

LEVELS SHOWN

ARE NOT CONSTANT
AND VARY WITH

DRILLING ACTIVITY

FIGURE A.22. DRILLING LEVEL = urILL RIG NO, 2
SOUND PRESSURE LEVEL CONTOURS IN dB(A)
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NOISE DOSIMETRY DATA
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During the period April 25, 1983 through May 1, 1983 two SwRI
employees and the USCG technical moniter collected noise dosimetry data on
selected individuals. The selection was made primarily on the basis of
job title or description. We intentionally selected the worker's believed
to have the highest probability of exceeding the permissible exposure

PPy

levels during a normal work-day, assuming no hearing protection was worn.

A total of sixteen dosimetry records were obtained during the
offshore observation period. Fourteen of the surveys had sample durations ]
in excess of 10.5 hours., Of these fourteen observations, eleven indicated
the worker would have received more than 100% of the allowable exposure
without hearing protection. Table B,I summarizes the noise dosimetry
observations. This table indicates the identification number under which

SwRI has stored the data; the worker's job or title; the sample duration;
the elapsed time to reach 100% of the allowable exposure; whether or not
hearing protection was worn; and the projected 12 hour and 24 hour
effective exposures assuming no additional exposure >80 dB(A). Although
most of this data can be readily interpreted, the hearing protection column

requires an explanation. :

During the offshore observation, workers inserted ear plugs or

donned muffs pricr to entering a structure which required hearing ;

Y

protection. Therefore, the use of hearing rrotection indicates that the
worker was required to enter a compressor room, generator room, or other
high noise area. The only exceptions were surveys ND 13 and ND 14. The
twe roustabouts worked outside in an area which was quiet when they were
not working. Therefore, no signs were posted requiring hearing protection
in the general area. However, due to the high noise level of the work,

both roustabouts wore plugs, which appeared to be cotton balls.

The remainder of this appendix contains the data obtained for each
case listed in Table B.1. Three figures are presented for each case as
described in Section III.3. A table 1s presented with each of the sixteen i
histograms to indicate what activities were conducted during the intervals i 1
marked on the histograms.
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TABLE B.1. DOSIMETRY DATA COLLECTED OFFSHORE j

i ' Time When i '
| Exposure
Noj«z | Sample |Exceeded ‘,
{ Dosimetry . Worker Job | Duration |Allowable | Hearing | Max® |Lerr(12) |Lerr(24)
1D No, or Title (Hours) (Hours) Protection | Dose dr(a) dR(A) l'
ﬁ
13
ND 1 SwRI 10.7 7.5 Y 146¢% 89.85 Bu4.85
ND 2 UsScG 10.7 T.5 Y 134% 89.40 84.40
ND 3 Day Pumper 12.0 8.3 Y 121% 88.84 83.84
L ND 4 Day Roust- 12.0 8.3 Y 110¢ B8.18 83.18 1
: about 14
o ND 5 Welder 10.7 10.5 N 103% | 87.35 82.35
f ND 6 Driller 1.8 8.3 N 176% | 91.36 86.36
ND 7 I Derrick Man 12.0 e N 78% 85.85 80.85
ND 8 Driller 12.0 8.0 N 167% | 90.78 85.78
ND 9 Derrick Man 11.8 3.7 N 318% 95,42 90.42
ND 10 Roustabout 5.5 L N 869 85.97 80.97
ND 11 Roustabout 1.5 e N 198 | 75.20 70.20
ND 12 | Electrician 11.0 bk Y 58% 84.05 79.05
ND 13 | Roustabout 11.5 .8 Y 1450% | 106.31 101.31
ND 14 Roustabout 11.4 1.5 Y 820¢ | 102.21 97.21
ND 15 Welder's 12.0 12.0 N 100% 87.28 82.28 j
© Assistant )
ND 16 |Welder 12.0 b N 69% 85.10 80.10

# - Maximum dose is calculated based on USCG NVC 12-82
acceptable effective exposures. 4

Allowable level was not exceeded during the sample.

Y = Hearing protection worn in designated areas.

N = No hearing protection was worn during the day.
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TABLE B.II.

ACTIVITIES DURING INTERVALS INDICATED
ON FIGURE B.1 -

Interval

Activity

Inside crewboat traveling to field
Touring Platform 1
Touring Platform 2
Touring Platform 3

Touring Platform 4

Touring Driiling Rig

Fieldboat to Platform 2
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TABLE B.III. ACTIVITIES DURING INTERVALS INDICATED
ON FIGURE B.4

Interval Activity .
| 3
| {
A |  Inside crewbocat traveling to field [
B Touring Platform 1 |
c | Touring Platform 2 .
D : Touring Platform 3
E Touring Platform 4
F Touring Drilling Rig
G | Fieldboat to Platform 2
¥
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TABLE B.IV.

ACTIVITIES DURING INTERVALS INDICATED ON FIGURE

Aotivity

|
Interval |
1

OO0 W >

N E <3 MDD ODVOZIr "N H

Inside compressor buildings.

Inside control room.

Operated orane.

Insiae office.

Inside compressor building.

Worked on 10 foot level and wallhead level.
Insice quarters,

Inside compressor building. Neither unit running
initially while repairs were being made,
Checked wellhsad area.

Worked near wellhead area,

Operated crane, checked generator ronm.

Inside quarters,

Operated crane,

Inside quarters,

Operated crane.

Inside office.

Inside compressor building.

Inside warehouss 10 minutes and then lubricated crane.
Worked primarily in wellhead area lubricating valves;
also operated crane,

Operated crane,

Inside operator's shack.

Inside compressor building collecting data.
Inside office.

Operated orane and read instruments on top of
compressor building. Hearing protection was
worn 17 minutes.

Worked near separators 6 minutes and worked in
mechanic's shop.

Unloaded equipment basket on main deck.

Inside quarters.,
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TABLE B.V. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.10
Interval Activity

A Performed rounds to take readings on equipment,
including generators., Wore ear muffs.

B Inside office.

c Tended cargo basket, went down to lower level
of platform.

D Operating crane,

E Worked on 10 foot level and wellhead area.

F Wellhead area.

G Inside for break.

E Worked on compressor room.

I Wellhead area 27 minutes, main deck 22 minutes
during this interval.

J Taking readings on generators.

K Inside office.

L Well bay area.

M Inside for lunch.

N Worked in well bay area primarily.

0 Operated crane,

P Taking readings on generators.

Q Working in wellhead area.

R Inside office.

S Working inside mechanic's shop.

T Working on main deck 20 minutes and 7 minutes in
well bay area.

0 Inside quarters.,

B=16
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' TABLE B.VI. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.13

Interval Aotivity
A Grinding and welding on Platform 1.
B Inside quarters while gas was flared. (Doaimeter was

in standby position.

Grinding and welding.

Welding, outting pipe, and grinding.

Inside quarters. (Dosimeter was in standby position)
Cutting pipe and grinding.

Grinding and welding.

Inside quarters.

Installing a new hoist in welding area.

Transferring finished pices to top deck,

LM OTIMmMOO

B-20




H
%
?\j 1:0 T ' T ‘|.' 1 I ‘ﬁ} T ] b ‘ 1 r ﬁ‘ L) ) L | I——r ‘ A\
{ \ L: (12) = 67.35 &B(A)
. % ™ : : eff " : j -
. % i \\ . . . . . . . -
b Py S Lyge(24) = B2.35 dB(A)
: 119 I_._J
; . . . PERMISSIBLE PER USCG NVC 12-82
:
X  tew e
Q’-E ’ ACTUAL CUMULATIVE EFFECTIVE EXPOSURE
-l
O 99.0 =
iy
L S | : : : :
- |
b 6 0 Y R S SIS RSP TP TRNFU R RO NI R S

e e

Q00 1.80 202 300 499 500 ¢.60 7.00 §.680 260 10.2 11.@ 12.0

TIME C(HOURS?

FIGURE B.14., CUMULATIVE EFFECTIVE EXPOSURE ON CONTRACT WELDER
(Identification Number ND5)

B
¢
%
)
ib‘s
i
"
g
L]
&

. . S LR K
BRGNS X -‘;,,‘,”f,:;w..ﬁ‘-* e 7

B-21




e e e e r————— ———— — i =

e

x l T R M 1 v 1 ' ]
i - . | ,
i -PERMISSIBLE EFFECTIVE EXPOSURE l ¢
r PER USCG NVC 12-82 : 3 g
i : : ‘ f
oo, P Hax = 103% 4j -
- K (033 PERMISSIBLE; 2
L ]
- L [ <
w TS @ }_ ............... mﬂ o -
WY Sy
= 2
- Bm b
Ef ‘nm .
2 e
"_ LI - . EB .......... -
I -
= g F
z 3 “
E\' E 0 - 'm o :

FIGURE B.15. CUMULATIVE DOSE RECORDED ON CONTRACT WELDER
(Identification Number ND5)




! S S
i.gr,.k&.! w a.ovt.Ur.r.

[ S PN

10 @a

oS an S

5I%

8

{3 l:!

N
(Identification Number ND6)

NOISE DOSIMEIRY ON DRILLER

e

4

Qa

aa 2 &0 3
FIGURE B.16.

1

Qi

4




TABLE B.VII. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.16

—4

Interval Aotivity

A Tripping pipe. Drawworks were shutdown for 4 minutes
after 1 hour, 34 minutes.

Acoumulator operated intermittently for a total of

4 minutes, 15 seconds.

Acounulator operated 68 seconds.

Accumulator operated 79 seconds,

Accumulator operated 4§ minutes, 16 seconds,

Equipment shutdown 39 minutes,

Drawworks operating, accumulator operated S0 seconds.
Teasting MWD systenm.

Going back intc hole.

Testing MWD,

Coing back into hole.

Testing MWD

Going back into hole,

Filling drill pipe with mud.

Finish going back into hole.
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TABLE B,VIII.

ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.19

Interval

Activity

Worked on monkey board stacking pipe.

Worked on drill floor.

Worked on drill floor and pipe storage area cleaning
equipment and preparing to test BOP.

Worked on drili floor. Accumulator was periodically
charged during this time. Derriciman occasionally
stood within 3 feet of the accumulater during charging.
Inside quarters for dinner.

Worked on drill floor. Accumulator drawworks and
crane operated during this time.

Worked on monkey board adding pipe.

Came down to rig floor for 5 minutes; went to mud
pump room for 1 minute and remained in mud makeup
area 7 nminutes.,

Returned to monkey board.,

Came down to mud makeup area for 15 minutes,
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! TABLE B.IX.

ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.22

Interval

Activity

mo=zZzxXtrrR® “HMDOTMmUOOW >

Drilling.

Drawworks brake applied 28 times in 60 seconds,
Brake applied 75 times.

Equipment shutdown, driller placed a telephone call.
Breaking in new bit through "tight" formation.
Diilling for 5.5 hours.

MWD survey.

MWD survey.

MWD survey.

Driller moved away from the drill floor to eat
breakfast.

MWD survey.

MWD survey.

Drilling.

MWD survey.

MWD survey.

MWD survey.
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TABLE B.X. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.25

-
! Interval Aotivity
|
A Worked in mud makeup area and pump room. (SPL peaks
l odcurred while he was in the purp room)
B Irside pump room.
Cc Worked primarily in mud makeup area. Entered punmp
room for short periods of time,
D Inside pump room.
E Worked primarily in mud makeup area. Entered pump
room twice for a total of 75 seconds,
F Inside quarters to eat.
G Worked in mud makeup area. Entered pump room
for short periods.
H Worked in pump room.
I Worked in mud makeup area,
J Worked in pump room.
K Wworked primarily in mud makeup area. Also worked
in pump room and cementing room a total of 20 minutes,
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TABLE B.XI. ACTIVITIES DURING INTSRVALS INDICATED
ON FIGURE B.28

Interval Activity

Working in mud pit area adding
Barite; cleaning up area.

Inside for break.

Working in mut pit area.

Left mud pit area.

Working in mud pit area.




L IS B B B S R A B i

}Leff(lz) -.85.97 dB{A*

£Q20) -_30.97‘45(Aj

i

ILef

T TN RPN T * .y ¢
- N - N

' U R

¢
i
-
f
H

FIGURE B.2§. CUMULATIVE EFFECTIVE EXPOSURE ON ROUSTABQUT
(Identification Number ND10)




EMax ~ 86% -
.OF PERMISSIBLE PER
" USCG ROC 12-82

CUMMULATIYE DOSE (75

SFL C(DBR?

FIGURE B.30. CUMULATIVE DOSE RECORDED ON ROUSTABOUT
(Identification Number ND10)




. . LI
L Rt AL AT T T i LERIN A o

oy

.
t
»
3
3

¥
k]

FIGURE B.31. NOISE DOSIMETRY ON ROUSTABOUT

(1dentification Number ND11)

IOV VO T

7 a T B I b 3 Sy e L s P e e




TABLE B.XII. ACTIVITIES DURING INTERVALS INDICATED

: ON FIGURE B.31
7
Interval Activity
A Worked in immediate vicimity of
. Barite hopper for the duration of
1 ; the survey. He had been directed
to go work on another area of the
rig when the dosimeter was removed.
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TABLE B,¥XIII. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B, 34

Interval

Activity

4 DwoOoO=ZIXIr=

Field boat to Platform 1.

Inside living quarters and welder's shed.

Inside compressor building No. 2 - two units running.
Wore earplugs.

Inside compressor building No,
Did not wear plugs.

Insjide quarters.

Insjide compressor building No. 1.

Inside mechanic's shop.

Inside compressor building No. 1 (ome unit was run
for 5 minutes).

Inside quarters,

Working on roof of compressor building No. 1. Did
not wear ear plugs. (A P.A. speaker on the roof

was being used almost continuously. The SPL due to
the speaker was 95-100 dB(A)).

Inside quarters for lunch.

Inside compressor building No. 1.

Inside electrical shop.

Inside compressor building No. 1.

Field boat to Platform 2.

Inside quarters to repair ice maker.

Inside generator room 3 minutes to get SwRI soldering
iron to use on ice maker.

Inside quarters to finish repairs, eat dinner, ang
wait for field boat.

1 = no units running.
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TABLE B.XIV. ACTIVITIES DURING INTERVALS INDICAYED
ON FIGURE B.37

Interval Aotivity

Inside offiqe.

Chipping paint.

Inside for break.
Chipping paint.

Inside for lunch.
Chipping paint.

Assisting crane operator.
Chipping psint.

Inside for break.
Chipping psint.

Handling air hose for other
roustabout.

Sprain painting.

Ianside office.

Spray painting.
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TABLE B.XV,

ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.40

Interval

Activity

ZICANOUHTOQTMDHOOW >

Preparing equipment,

Chipping paint with a needle gun.

Inside quarters for morning break.

Chipping paint.

Inside quarters for lunch.

Chipping paint.

Working on pipe floor handling personnel basket.
Chipping paint.

Working on pipe floor handling persconnel basket,
Chipping paint.

Inside quarters for afternoon break.

Preparing to paint.

Spray painting.

Cleaning up equipment.
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TABLE B.XVI.

ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B, 43

Interval

Aotivity

1
|
]
!

Preparing equipment to transfer to field boat.
(Worked on various levels of Platform 9 and entered
the warehouse several times to gather up equipment
and supplies.

Inside quarters walting for field boat.

On board field boat to transport equipment to
Platform 3.

Inside quarters.

Setting up welding equipment. Required the assistant
to go make several trips to the 10 foot level to
transfer equipment and supplies.

Inside mechanjc's shop.

Transferring pipe to 10 foot level.

Burnished work for welder. Approximately 16 minutes
weére spent burnishing. Durations were usually about
30 seconds.

Inside quarters,

Cutting pipe.

Burni shed approximately 14 minutes during this interval.
Inside quarters.

Burnished approximately 11 minutes during this interval.
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TABLE B.XVII.

ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.46

Interval

Activity

o

ZXCCNUGUNTOMEHNOOW

On main deck 3 minutes; in and out of berthing space
6 minutes.

Loading equipment on field boat.

On main deck of Platform 3.

On main deck of Platform 3.

On main deck of Platform 3.

Went down to lower level (welding area) of platform.
Inside living quarters (lunch).

Started welder,

Grinding ends of pipe.

Inside living quarters.

Went down to lower level to cut pipe.

Burnishing 6 minutes and welding 8 minutes.

Inside living quarters (dinner). :

Welding 9 minutes; burnishing S minutes.
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FIGURE B.47. CUMULATIVE EFFECTIVE EXPOSURE ON CONTRACT WELDER
(Identification Number ND16)
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APPENDIX C

U. S. COAST GUARD NAVIGATION AND VESSEL INSPECTION
CIRCULAR NO. 12-82

RECOMMENDATIONS ON CONTROL OF EXCESSIVE NOISE
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DEPARTMENT OF TRANSPORTATION
UNITED STATES COAST GUARD

MAILING ADDRESS

U.S. Coast Guard (G-MVI-2)
Washingten, D.C. 20593
202-426-2190

w 12-~89
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* NAVIGATION AND VESSEL INSPECTION CIRCULAR NO, 1 2 - 8 2

k Sub}:

Recommendations On Control of Excessive Noise
i Ref: (a) 46 CFR 32.40-13
| (b) 46 CFR 72.20-5
(c) 46 CFR 92.20-5
(d) Internationsl Maritime Organization (IMO) Resolution A.468(XII),
“Code On Noise Lavels On Board Ships".
(e) U.S. Naval Ocean Systems Center, "Study of Airborne Noisa On
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Merchant Ships” (see enclosure (9), reference 1).

1. PURPOSE. This Circular contains the Coast Guard's recommended guidelines
to the U.S. maritime industry for addressing conditions of high noise.
The guidelines weare developed in consideration of the need for protecting
crewnembers from noise exposures vhich may produce permanent noise induced
hearing losa; for providing crewmembers with suitable conditiocas for
recuperation from the effects of axposure to high noise levels; and for
providing a safe working environment by giving consideratjon to the need
for effective speech communication and for hearing sudible slarms and
warnings. Amplifying information in attached enclosures {s provided as
guidance in addressing key aspects of noise control.

APPLICATION.

The recommendations of this Circular apply to all commercial vessels

fuspected by the Coast Guard except Mobile Offshore Drilling Units.

b. Although these guidelines are not directed :specifically to
uninspected commercial vessels, the Coast Cuard considers them to be

appropriate guidelines should any owner of uninspected vessels also
) choose to follow then.

DISTRIBUTION- SDL No. 115
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2. ¢,

At the time of this publishing, the Coast Guard is collecting data to
detarmine whether separate guidelines would be appropriate for
inspected offshore drilling units and fixed structures. However, in
liau of separate guidelines, these guidelines are recommended for the
interiam.

3. DISCUSSION.

According to a recent Coast Guard-sponsorad study (enclosure (9),
ref. 1), noise exposures of certain personnel aboard U.S. merchant
vessels were found toc be in excess of those considered to be safe.
The study also indicated that high noise levels aboard ghip interfere
with speech intelligibility, internal shipboard communications and
the audibility of warning signals, which potentially impairs the
safety of some operations on the vessel. Additional studies from
foreign countries and information from other sources overwhelmingly
support these findings for virtually all classes of commercial
vessels. The studies also demonstrate that unlike shoreside workers
who can retreat to a quiet environment after their work shife,
merchant seamen are part of a mobile environment and may not have the
opportunity to retreat to a quieter, relaxed atmosphere. Crew
quarters, recreation areas, mess rooms, etc. are sometimes as noisy
48 the working environment. Similar problems are also widely
reported in the offshore drilling industry. (NOTE: At the time of
this publishing, the Coast Guard is still conducting a study on the
particular noise problems in the offshore drilling industry.)

The effect of noise on hearing is a function of the actual noise
level, its component frequencies and the duration of exposurs. An
excessive combination of these elements results in a shift in a
person’'s threshold of hearing, i.e., an elevation in the lowest level
of sound detectable to the ear. A threshold shift may be recoverable
to varying degrees, depending upon its magnitude, provided the person
Tetreats to a quiet environment (generally sccepted as below 75
db(A)) for a sufficient time. While small threshold shifts may be
totally recovered, large shifts are only partially recoverable
leaving with each occurrence a small permanent threshold shift, known
as hearing loss. The minimum goal of a noise control program should
be to insure that an exposure (noise level over a certain duration)
is not so great that the temporary threshold shift cannot be
recovered during the following rest period.

After careful study, the Coast Guard has concluded that the mcst
meaningful method of evaluating excessive noise in the maritime
industry is by measuring the cumulative noise exposure during the
complete 24~hour day. In addition to consideration of the normal
work time noise exposure, the 24-hour exposure measurement considers
the time after exposure to high noise to evaluate whether suffictlent
quiet time is provided to allow for recovery from temporary threshold
shift. The term which will be used to express this measurement {s
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3. c¢. (coat'd) the "24~hour effective exposure level,” or Leggg(24), and
is defined in technical terms in enclosure (1). The Lggg(24)
! concept differs somewhat from the criteria proscribed by the
- Occupational Safety and Health Administration (OSHA) because of
5 several factors which distinguish the maritime industry from indusctry
- ashore. However, the Lgsg(24) criteria would afford similar
protection.

d. The exposure limit recommended herein (82 dB(A)) 1s, like almost all
b exposure limits, based upon an evaluation of a certain degree of risk
to some personnel and does not insure that all personnel will not
incur hearing damage. For this reason a hearing congervation program
contalning a system for periodic audiometric testing of personnel is
necessary to detect those susceptible persons at the initial outset
of a hearing impairment before any apprecliable damage is accrued.
Since, such a program would generally not be necessary if exposure
levels (computed without regard to attenuation contributed by hearing
protective devices) were further reduced to 77dB(A), the Circular
suggests that new vessels be designed so that the 77dB{A) level may

. be achieved.

e. The control methods, i.e., ~ngineering controls, administrative
controls or hearing protective devices, selected by the
owner/operator of a unit to achieve the recommended exposure limits,
would depend upon economic and other considz2rations. Based upon data
obtained frcm the study conducted by the Coast Guard and the state of
the art in present noise control technology, the recommendations
could be implemented on most units without retrofitting, principally
throvgh the use of hearing protectors. Other units may additionally
need to administratively limit the time of exposure, and/or install
soundproof control booths. Ultimately, however, installation of
permanent engineering controls to reduce noise levels {s the best
means of assuring effective hearing protection. Although this '
technology may be young in marine applications (in the United !
States), the Coast Guard has seen several examples where significant
reductions in noise levels in engineering compartments through modest
engineering controls were achieved. The exposure levels in this
proposal are such that they may be economically achieved on many
vessels by using these engineering controls. It is encouraged that :
engineering controls be used whenever economically feasible. : 3

f. In November 1981 the International Maritime Organizatiocn (IMO,

formerly IMCO) approved a standard on shipboard noise entitled "Code

On YWoise Levels On Board Ships,” which applies basically to naw ships -
of 1600 gross tons or more. The Coast Guard participated in the o
development of this Code and endorses its recommendations. As the ?g

preamble to the Code makes clear however, it was not {ntended that

the Code be adopted verbatim by member nations. Rather, each nation
was permitted the flexibility to ilmplement the principles of the Code
thTough a method suited to the maritime irdustry of that nation. The

3
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3. f. (cont'd) Coast Guard believes therefore, that the recommendations in
this Circular are a satisfactory implementation of the IMO Code.
(NOTE: The IMO Code contains a section suggesting recommended noise
\ level limits for various types of spaces on a unit. It is believed
i that this list offers guidance which would be useful to the designers
b of U.S. vessels and is therefore incorporated verbatim as an
enclosure to this Circular. These levels are proviced primarily as
guidelines which might be useful for design specifications for
suitable types of new vessels.)

e o < e g . g
ot e adadiel M

i

g It 18 considered that implementation of the recommendations im this 4
Circular will involve an ongoing process encompassing a time frame of
several months to years, depending upon the vessel. It is
anticipated that phases involving measurement, provision of hearing
protection devices, installation of some engineering controls,
implementation of the hearing conservation program and other
administrative aspects could be completed within two years. However,
it may take up to four years before complete engineering solutions
can be designed and installed.

h. The limits and procedures set out in these guidelines are regarded as
minimum acceptable precautions against high noise conditions. For a
greater margin of sa =ty, owners and operators may wish to provide
higher levels of prov.ection. Also, as technology improves snd as
more scientific information becomes available, consideration will be
given to amending these guidelines accordingly.

4. ACTION.

a. The following paragraphs b through i contain recommended guidelines
for protecting crewmembers from conditions of high noise. Additional ;
information in the attached enclosures (1) through (9) are provided
to awplify certain provisions of the recommendations. Definitions of
terms used are contained in enclosure (1).

b. Recommended Exposure Limit.

(1) Each crewmember's 24-Hour Effectivr nsure Level, L.s¢(24),
as defined in enclosure (1), shou onstrained to a maximum _i
of 82 dB{A). \ 'é
]

(2) If exposure levels were further reduced, through engineering and
administrative controls alone, to an L.gs(24) criteria of 77 .
dB(A), the hearing conservation program outlined below would no
longer be necessary in most cases. The Coast Guard believes .
that the technology to accoumplish this objective will be 2
feasible on most deep-sea vessels, over 1600 gross tons, N
constructed after 1985 and recommends designing to the 77 dB(A)
criteria at that time.
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4. % (3) NOTE: The exposure limits specified above are based upon the
: findings that exposures to high noise in the maritime industry
are normally intermittent, as defined in enclosure (l). If work
shift noise exposure is continuous, vice intermittent, then
exposure levels should be reduced even further.

Lefg(24) can be achieved by any combination of engineering
controls, administrative controls or hearing protective

devices. However, because engineering controls provide the most
positive means of assuring adequate protection, it is
recommended that engineering controls be given first
consideration and evaluated for feasibility before opting for
other methods. Discussions on engineering controls an4 hearing
protective devices are included in enclosures (4), (7) and (8).

The Coast Guard realizes that reducing noise levels generally
becomes increasingly more difficult on smaller vessels. 1t was
for this reason that the IMO noise level limits referred to in
subparagraph c.{(2) below were restricted to vessels over 1600
gross tons. On many existing vesseis of less than 500 gross
tons, the incorporation of effective structural and engineering
alterations to attenuate structure-borne noise may be
economically prchibitive. However, through the use of hearing
protective devices, administrative coantrols and selective
engineering changes, the recommended 24-hour exposure limit,
Lesg(24), of 82db(A) should still be attainable.

Recommended Noise Limits.

(1) Where practicable, maximum noise levels in berthing spaces, and
in mess spaces of units over 500 gross toms, should be no
greater than 75 dB(A) on existing units and 70 dB(A) on new
units.

Annex I1I1, paragraph (1)(e), of the International Regulations
for Preventing Collisions at Sea, 1972 (commonly called the 72
COLREGS) contains the following requirements: "“The sound
pressure level of the vessel's [fog whistle]} at listening posts
shall not exceed 110 dB(A) and so far as practicable should not
exceed 100 dB(A)." The 72 COLREGS are U.S. law and are
wandatory for all U.S. vessels navigating on the high seas.

As stated in Discussion paragraph 3.f., the "Code On Noise
Levels On Board Ships,” a noise standard published in November
1981 by the International Maritime Organization (IMO), contains
a listing of suggested noise level limits for various spaces on
ship. The Coast Guard considers that these limits would
generally be appropriate for adoption as minimum design
specifications for ocean-going vessels over 1600 gross tons
which would be subject to the IMO Code. This list of limits is

5
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4. c. (3) (cont'd) in enclosure (6). It is not intended that the list
supplant any other recommendation in this paragraph 4., nor is
it meant to imply that, if followed, would any exposure limit
recommended herein be automatically achieved.

d. Hearing Protective Devices.

(1) Unless the Lgogf(24) computed or measur:d for a crevmember
accounts for and allows such an exposure, crewmembers should be
required to wear hearing protective devices whenever entering
spaces with noise levels greater than BS5 dB(A).

NOTE: Any exposure of persons not wearing hearing protection to
noise levels over 105 dB(A) should be avoided. However, if such
exposures are unavoidable, they should be constrained to the
principle of intermittent exposure (see definition in enclosure
(1)) such that each exposure duration is one-seventh of the
total allowable exposure at that noise level.

(3) At no time should the unprotected ears of crewmembers be
exposed to non-impulse noise levels over 115 dB(A) or to impulse
noise levels over 140 dB(A).

Evaluation of Noise Conditions.

An evaluation of noise conditions should be conducted on each unit
and the results documented. The evaluation should consider noise
conditions during all normal operations underway and in port.
Enclosure (3) should be consulted with regards to proper equipment
and wmeasurement procedures.

warniqg Notices.

(1) Where the noise level in spaces exceeds 85 dB(A), entrances to
such spaces should carry a warning notice advising personnel of
the noise hazard and the need for hearing protection. (A guide
for design of this sign is the ANSI Specification for Accident
Prevention Signs, 235.1-1972.) 1If only a minor portion of the
space has such noise levels the particular location(s) or
equipment should be identified at eye level, visible from each
direction of access.

Where hand tools, galley and other porteble equipment produce
high noise levels in normal working conditions, warning-
information should be provided, preferably oun the device.

Instruction to Crewvmembers.

(1) Crewnembers should be instructed in the hazards of high and long
duration noise exposure and the risk of noise induced hearing

6
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4. g. (1) (cont'd) loss. lmstruction should also include a description of the
unft's noise control program, the types of hearing protection
devices provided and their proper use and care, and the unit's
hearing conservation program.

(2) Appropriate crewmembers should receive such instruction as is ‘
necessary in the correct use and maintenance of machinery and !
silencers or attenuators in order to avoid the production or
transmission of unnecessary noise.

g Y

h. Hearing Conservation Program. 3

(1) All crewmnembers having 24-Hour Effective Exposure Levels
(computed, in this case, without regard to attenuation
contributed by hearing protective devices) greater than 77 dB(A)
or routinely exposed to noise levels greater than 85 dB(A)
should be included in a hearing conservation program as outlined
in enclosure (5).

(2) ™Much of the maritime industry utilizes a highly mobile labor
force of which individual personnel work a vessel or rig for a
limited period and then move on to another unit. Consequently,
it i{s often imprattical for operators of these units to
individually {mplement portions of hearing conservation programs
involving audiometric testing and recordkeeping. 1In such cases
it {s recommended that 2 program of audiometric testing be
coordinated on a group basis between the owner/operators and the.
employees.

i. Responsibilities.

(1) The owner/aperator of a unit should be responsible for ensuring
that means for noise reduction and control are applied and
malntained according to the recommendations of this Circulsr.
Particular attention should be paid to insuring that the unit's
officers ave informed of the provisions of the unit's noise
control program and the need for instructing crewmembers as
provided in paragraph f, and to insuring that hearing protectors
are provided and maintained.

T

(2) Crewmenmbers should be responsible for ccaplyiny with the unit's b
noise control program, as instructed, paying particular . L
attention to wearing provided hearing protectors in the proper
manner while working in the prescribed locations.

it cae 25 RN
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CLYDENE LUSK,
Chief, Office of Merchant Maring Safety
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Encl: (1) Definitions
(2) Determining the Effective Exposure Level (Examples)
(3) Equipment and Measurement
(4) Hearing Protective Devices
(5) Hearing Conservation Frogram
(6) 1IMO Noise Limits
(7) Suggested Engineering Methods for Controlling Noise

(8) Nolise Reduction On Towboats and Other Small Vessels
(9) References

NON-STANDARD DISTRIBUTION:

Ce:

Baltimore (75); San Francisco, Mobile, Pittsburgh, Providence, Boston,
Norfolk (50); Galveston (30); Cleveland, Portland OR, Sturgeon Bay (25);
San Diego, Savannah, Buffalo, Corpus Christi (20); Tampa, Valdez,
Milwvaukee, Louisville, Detroit, Toledo, Nashville, Anchorage (15);
Portland ME, Duluth, Charleston, Huntington, Minneapslis-St. Paul
(Dubuque), San Juan, Miami (10); Juneau, Cincinnati, Memphis, Wilmington,
Paduca’, (5) extra

New Orleans (250); New York (200): Seattle (100); Houston (50); Terminal
Is (LA-LB), Philadelphia (40) extra

Em: New London, Houma (30); Ludington (8) extra

En: Ketchikan, Kenai, Kodtak, Lake Charles (5) extra
List CG-12: 2TC-68
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DEF!NITION§

1.  A-veighted sound pressure level or noise level: The quantity measured by
s sound level meter in which the frequency response is veigh:ed according to
the A-veighting curve, as per ANSI $1.4-1971. The A-weighting values for

Octave Bands 31.5 to B0OOO Hz are as follows:

Frequency (Hz) 31.5 3 63 f 12% | 250 | S0O ¢ X | 2K ¢ 4&X | 8K
A-Weighting (d%) =39 [ -26 | ~16 | -8 | -3 T @ ; 41 | «1 | -1

2. Hearing protector: A device worn to reduce ths level of noise heard by
the wearer; hearing protective device (HPD).

3. Effective Exposure Level, L,¢g(24): The constant sound level thaz
produces the sarme noise exposure as the actual time-varying noise over a
24-hour period within the prescribed sound level limits. Lg¢¢ 15 based on s

5 dB exchange rate wvhich assumes that personnel exposures at high noise levels
are intermittent. In calculsting this level all noise less than BO dB(A) may

be disregarded.

The Effective Exposure Level, measured from continuous A-wveighted
sound pressure signals, is defined as follows (Note: This formula
{s mainly for use of equipment manufacturers.):

T 4 log 2
Legf = (L3 ) log| i S () de
log 2 T | Po

vhere: p(t) » time-varying A-veighted sound pressure, N/m?
Po = reference sound pressure, 2x107° K/m-
t e time, {n hours

-

-~
-

Py

log

total time interval, 24-hours
logarithm to the base 10

b. For practical purposes, the Effecti{ve Exposure Level can be
cslculated by the folloving approximate formuls:

- o L Vg
. .

3 Legr = 16.61 log |1 LDy L.
3 T {0 B
vhere: L,y ® A-weighted sound level during the 1t time ¥ %
interval, Aty -t
Aty = 1t time interval, fn hours .
T = Dty = total time interval, 24-hours D -
-] LI
B

4. ¥xchange rate: The amount of decrease in noise level which would allow g - f
doudbling o’ the exposurs time. R
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5. 1lmpulse noise: Noise of less than 1 second's duration which occurs as an

isolated event, or as one of a series of events with a repetition rate of lass
than 15 times per second.

6., Integrating sound level meter: A sound level meter designed or adapted to
measure the level of the time-averaged A-weighted sound pressure. It is used
when sound level fluctuations are too large or erratic to permit accurate
readings with a standard sound level meter.

7. Intermicttent noise exposure: A daily personnel noise exposure during
which the normally encountered noise exposure is interspersed with periods in
low level noise, i.e. below B0 dB(A), which are conducive to auditory rest.
(Paragraph 4.d.2 of the main text discourages the exposure of personnel not
wearing hearing protection to noise levels over 105 dB(A). If such exposures
are unavoldable, under the principle of intermittent exposure the individual
exposure duration should not exceed the times listed below:

Noise level (dB(A)) 106 ;107 [ 108, 109 ; 110, 111} 112§ 113] 114
Time (win.) 7.4 16.51T5.714,914.,313

;115
J1Ph3,212.812.5712.1
8. New unit: A unit contracted for on or after 1 January 1986.

9. Noise: For the purposes of this Circular, all unwanted sound.

10. Noise dosimeter: A personal sampling device which automatically measures
the wearers cumulative noise exposure over a prescribed period of time.

11. Noise level: See A-weighted sound pressure level.

12. Sound: Epergy that is transmitted by pressure waves in air or other
materials and is the objective cause of the sensation of hearing.

13. Sound pressure level: The level of sound pressure, L, measured on a
logarichmic scale and given by the formula:

L = 20 logyp (E) .dB
(pg)

where: p = rms value of measured sound pressure
Po ® 2 x 107 N/m? (the reference level)

14. Steady nofse: A sound where the level fluctuates through a total range

of less than 5 dB(A) as measured on the “slow”™ response of a sound level wmeter
in one winute.

15. Vessel: 1includes every description of watercraft used, or capable of
being used, as a means of transportation on water.

o
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DETERMINJNG THE EFFECTIVE EXPOSURE LEVEL (EXAMPLES)

1. Legg(24) can be determined through direct readout from personnel
nofse dosimeters or through manual calculation, comparing measured noise
levels against time-motion profiles of the crewmember, or by combining the two
methods. Since exposure levels normally vary from day-to-day, it will be
necessary to measure several days of axposures to determine the maximum
exposure levels unless background data such as from an identical sister-ship
is avatlable and is proven to duplicate that vessel's noise conditions. This
would apply both to the use of dosimeters and to time-motion profiling.

s - v e - -

2. Dosimetry is normally the easier method of determining exposure
levels, particularly in jobs where personnel visit various locations of \
differing noise levels on an unscheduled basis. Commercial noise dosimeters 3
vary in the descriptions and criteria which they are programmed to measure and
only those programmed to perform the L,¢¢ measurenent (i.e. 82 dB(A)
criterion level, 80 dB(A) threshold level, 5dB exchange rate) should be
utilized for this determination. However, since this criteria 1is similar to
the OSHA hearing conservation criteria, except for the longer evaluation
period, proper dosimeters should be readily available. This equipment can
slso be rented which may be more cost effective for some companies.

B eWT

3. Examples of performing the Le¢s calculation are as follows:

Example 1: The Lggg(24) limit of 82 dB(A) was determined by
calculating the exposure level resulting from the coabination of an 8-hour
exposure of 90 dB(A), OSHA's current standard, and 16 hours at lesas than B0
dB(A) (which is disregarded because it is below the threshold level). Using
the equation in enclosure (1), this is repeated as follows:

Lay/16.61
Legf = 16.61 log 1 z“ 10 Aty
T d

Lygg(26) = 16.61 log [1/26 ((10°%/1862¢ 5 4 (0 x 16))) .

Leff(ZA) = 82 dB(A)

Example 2: A noise survey is conducted on a 25,000 dwt steam
vessel. The results indicate high noise levels in several machinery spaces
and a notse level of 78 dB(A) on the mess deck.

R e RIS

Further analysis is performed to determine the actual exposures of the crew.
An overview reveals that only engineering personnel are sufficiently exposed
to high noise to be in danger of overexposure, 80 the analysis {s limited to
this group. At this point the noise consultant wust decide whether to measure
exposures using (a) personal noise dosimeters or (b) time motion study.
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The consultant decides to measure che exposures by performing a time
motion study while the vessel is on a 10-day trip. He profiles the various
routines of the affected personnel and relates the respective noise levels.
An example of the incremental exposures determined over a 24-hour period for
the First Assistant Engineer are tabulated as follows:

1 he. @ 95 4B(A)
2 hrs. @ 85 dB(A)

S hrs. ? 93 dB(A) 2 hrs. 7 88 dB(A)
12 hes. @ less than 80 dB(A)

The effective exposure level resulting from these {ncremental exposures is
computed from the formula in enclusure (1) as follows:

Legg(24) = 85 dB(A)

LA1/16-61 .

Leff = 16.61 lOg l {' 10 Ati y
T {a1 L

;

Lo (26) = 16.61 log (1/24((10%37 1881, 1y 4 (1093/16-81 oy z
(10P8/16-6L, 5y o (oBS/1660 5o o) 4

The analysis indicates that the exposures of most of the engineroom personnel

are, like the First Assistant, in the vicinicy of 85 to 89 dB(A), exceeding
the 82 dB(A) recommended limit.

(Note: The analysis of exposure levels described above could also have been
accouplished using personal noise dosimeters, probably with much less effort.
A problem sometimes experienced with dosimeters is in obtaining the
cocperation of the crew, some of wvhom may be reluctant to wear the device or
may want to blas the readings. However, {f this can be resolved (many experts
do not find this to be a problem), dosimeters offer a more accurate and less
time consuming method of determining exposure levels.)

The consultant presents three options for resolving the overexposures, listed
as follows:

Option 1:

Require persornel to wear hearing protection in all machinery N

spaces where noise levels exceed 90dB(A). - H

Construct 2 sound-proof booth around the operator's station in

the engineroom.

Option 3: Apply engineering controls at several key noise emitting
sources in the engilnercom.

Option 2:

BNy o e

The owners decide to implement Option 1. The recommendations of this Circular
¥ for warning notices, crew instruction and hearing conservation program are

5 instituted. The crew is offered three models of hearinec protectors to choosge
- from. A system >f audiometric testing and recordkeeping {s developed.

Finally, the consultant also designs a treatment for reducing the mess deck
i noise level to 68 dB(A) which is subsequently installed.
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Ezample 3t Using dosimetry to evaluate on watch axposure and doing
time motion study to profile the remaining l6~hours off watch, another
ctewmenber's sxposura is determined ss follows:

on watch: Lege (8 hours) = 85 dB(A)

off wateh: 2 hrs @ 81 dB(A)
146 hrs @ less than 80 dB(A) (disregard)

85/16.61x 8) + (108]./16.61x 2) + 0))

L‘tt(Z&) = 16.61 log [1/24((10

L‘tf(24) = 78 dB(A)

(Note: Computing work shift exposures of personnel by time/wotion survey is
nornally more complex than indicated in the above examples as ncise

levels will vary considerably.)

Ay 2 Sk TR mrean i B P e d R WA PRt Bt g B e eSS e Py




EQUIPHENT ANT MEASUREMENT
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@meteT., personal nolse dosizeler,
oeter vith pesn a0’ aaxisug hol?

ANST Spectttcaticn for Soumd Levei Meters, Si.--1371 (R197e).
|easuremcnts which detervine cosvilapie with recommended limits, 8 Type 1
precision suund ieve. BeLEr Shou.c De used.

of the ANSI Specificatisn 107 Personal
dosimeter shouid
1 {2 enclox

international standards.

dreas where flammabls gas/air mixtires amav be present.
4

Egu!g:sn:.
T is recoamendel sound level

Use ¢f the Icliowing eg.iipmae @
cctave dand ataivier., inejrating sound levei

ROLd cepadity, a2 azcasitc calidrator.

a.

should mee: the Type !l requiresents of the
Por critical

b. Sound leve! metels

Fersona, noise dosiaelers shou.: =e¢e 2ne Class [A requirements
NJLse DoslZel-Is, S1.75-1878. The
3 measure Loy ulil:izin, the criteria spectiied in Definltion

<.

e (1.

siould neez appropriate national ot

Cther measuring ejulpeen:

d.

e. Only equipment certified intrinsically safe should be used in

2

-

Measurement.
——r————

a. All physical measurements should be made following the
applicable procedures of ANSI S1.13-1971 (R1976), Methods for Measurecment of
Sound Pressure levels, and ANSI S1.2-1962 (R1976), Method for the Physical
Measurement of Sound, and accepted practice. Use of ISO Standard -
2923-1975(E), "Acoustics-Measurement for Noise On Board Vessels” is also

suggested.

b. Noise measurement equipment should be calibrated initally, at

subsequent intervals of approximately four hours, at the end of tests and at
any other time when tests are interrupted due toc battery replacement, etc.

s

Noise measurements should be taken Zn decibels using an - B
A-weighting filter (dB(A)). The meter should be set to "slow” response and Tf
the readings made only tc the nearest decibel. A measuring time of at least 5
seconds should be allowed. 1f a meter fluctuates in level within a range of

5 dB maxioum to minimum, an estimate of the level may be made by averaging the
excursions of the needle with the eye. It is suggested that C-weighted levels
also be taken. Furthermore, to facilitate analysis of noise in certain areas

vhere engineering controls may be applied, measureaent of noise by octave hand
levels should be considered. A form found convenient for recording the noise

data {s attached. A wind screea on the microphone stould be used in locations
where air motion is noticeable, such as bridge wings, lookout positions, and

near fans and ventilators.

C.
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d. Measurements of intermittent and transient sources, such as
ship's horn or whiscle at bridge and lookout locations are best made with
meters with “maximum-hold” and “peak-hold” capability. Certain machinery,
such as steering motors, etc. may also need measurements of this type.

e. Measurement of exposure levels at manned and {ntermittently
manned locations is most convenient with an integrating sound level meter.
This instrument may be used in two ways: (1) et locations where the sound
level fluctuates, perhaps due to a cyclic operation of a machinery item, and
the meter is used to measure the average sound level. For this the meter is
operated at a fixed location for a period of at least aone full cycle of the
machine; (2) to assess the average level over a space such as that transited
by an oiler on his rounds, the meter is operated while it is carried over the
actual path and at an equivalent rate of the oiler, and the average sound
level ias read at the completion of the path. If an integrating sound level
meter is not available, the average sound level may be calculated by averaging
the set of sonnd level measurements on a pressure squared basis.

3. Survey.

When evaluating nolse exposures, all operating conditions underway and in
port should be considered. For standardization however, a noise survey should
normally be conducted under the following conditions:

a. Measurements underway should be taken with ship in the loaded or
ballast condition, operazing at normal design service speed aund with all
auxiliary machinery and electrical equipment which is nurmally in use in

operation. Parciculars of machinery in operation should be noted.

b. Noise level measurements in spaces containing emergency diesel
engine~driven generators, fire pumps or other emergency equipment that would
normally be run only in emergency, or for test purposes, should be taken with
the equipment operating. Adjoining spaces need not be measured with such
equipment operating, however, unless it 1s likely that the ecuipment will be
operated for periods other than those mentioned above.

c. Measurements in port should be taken with the ship's cargo
handling equipment {n operation, in those areas and accommodation spaces
affecred by their operation.

d. Measurements should be made at the principal working and control
stations of crewnembers in the machinery spaces and in the adjacent control
rooms, if any, with special attentiun being paid to telephone locations and to
positions where voice communication and audible signals are {important.
Measurements should be taken in all workshops, at points on all normally used
access routes and at sll other locations which would normally be vigited
during routine inspection, adjustment and maintenance.

e. In addition to the spaces referenced above, noise levels should
be measured in all areas wliere work {s carried out and in all locations with
high noise levels where crewmemberc may be 2xposed, ever for relatively short
periods. Noise levels need not be measured for normally unoccupied spaces,
holds, deck areas and other spaces which are remote from noise and where a
preliminary survey showe that noise levels are below 70dB(A).

2z
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SAMPLE NOISE SURVEY FORM

Vessel Name: Hull No. i_“
Ovmner: !i

Type:
Built by: Year Builc:

Dimensions
Length: Breadth: Depth:

Maximum draft (summer load line): Gress Tonnage:

e ——

Machinery

manufacturer:

Engines - Type:

. number: Normal design service shaft speed:

Generators -~ Type: manutacturer:

number: Output: kw

Main reduction gear:

Type of propeller: nunber of Propellers:

Auxiliary engines:

Other machinery notes:

Conditions During Measurement

Vessel's proximate position: Type of voyage:
Draft forward: Draft afr: Depth of water:
Weather - Wind speed: Seas:

Vessel's direction in relation to seas:
Shaft speed:

Vessel's speed:

Propeller pitch:

Summary of machinery status:
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HEARING PROTECTIVE DEVICES

1. Hearing protective devices (HPD's) must be effective in providing the
recessary protection and be acceptable to the individual. Selection, fit and
instruction in proper use are critical to effective performance. HPD's come
in three basic types, i.e. ear muffs, ear plugs and canal caps (partial ;
inserts); sometimes, for protection in particularly high noise levelrs, muffs
and plugs will be worn together. HPD's should be carefully chosen from the t
hundreds of models now available. It should be noted that HPD's often differ ‘
in effecti{veness at different frequencies wherety one device may be especially
effective in high frequency noise, another in mid-frequency and another in low
frequency.

!

|
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2. Far many reasons, the HPD attenuation (reduction of noise to the ear) .
realized in actual field use may be substantially less than the attenuation |
listed by the HPD manufacturer. Manufacturers ratings are computed {n a }

controlled, supervised, ladoratory situation, using motivated test subjects
an? for a short specific time period. However, in actual use, wearers of
HPD's are not often as well instructed or motivated to obtain such good
results. Unless a crewmember s completely motivated, through training and
supervision, to wear the device properly, actual attenuations will not often
attain to manufacturers' ratings. An evaluation of HPD attenuation,
therefore, must consider two factors: (1) calculation of attenuation based on
the manufacturer's attenuation data; and (2) adjustment of this calculation to i
compensate for real world use. .

3. Several methods of calculating the actual noise level under an HPD
have teen suggested by various sources. The National Institute for
Occupitional Safery and Healeh (NIOSH) 1ists three methods which are detailed
fn the NICSH publication "List of Personal Hearing Protectors and Attenuation
Data” (enclosure (%), ref. 12). Essentially, however, there gre two common
methods for this calculation. The preferred method is the one which looks at
tne frequency spectrum of the noise (by octave band) and applies the
corresponding attenuation at that frequency for the HPD. This can be termed
the "long method”™, o= NIOSH methed #1 {n the above reference 12. A rougher
method, which 1s based on several geaeral assumptions which can allow an error )
of as much as +8 dB depending on the frequency breakdown of the noise, is '
based on the single-number Noise Reduction Rating (NRR) which i5 provided with
each device. Although the NRR can be useful as a quick method of evaluating
an HPD, the best professicnal method of evaluating HPD attenuation {s the
“"long method.” These two methods of calculation are described as follows:

a. “Long method” (NIOSH Method #1) calculation: After correcting
the sound level at each octavz band from 125 to 8000 Hz for "A"-weighting (see
Definition 1), subtract the HPD's listed attentuation at that frequeacy band
and add 2 times the HPD's listed standard deviation. These resultant levels
are summed logarithmically to yield the calculated A-weighted nolse level "o
under the HPD. : \%
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b. NRR Calculation: Very simply, the NRR is subtracted from tha
actual noise level, measured on the C-weighted scale, to yield the estimated
A-veighted noise level under the HPD. (Note: 1If only the actual A-velighted
noise level is known, the NRR mey still be applied by adding an estimate of
the C-A differerce, normally approximately 5 dB, to the A-weighted level and
then subt-acting the NRR.)

b, Adjusting the calculated HPD nofse reduction to cozpensate for real
world use is a controversial {ssue since the HPD effectiveness is directly
related to the nmotivstion and understanding of the employee. The Coast Guard
recomuends that in noraal circumstances, where eaployees are instructed in the
importance and use of HPD's, a correction factor of 5 dB less than
manufacturers stated attenuation shouid be applied. If {t is not desirable to
apply this safety factor, the owner should insure that the audiometric test
program is strengthened to detect fnaffective HPD performance.

S. As we address the problem of HPD's not achieving desitcd resulty, we
must hastily add that this problem i3 not automatically corvected simply by
getting the best attenuating devices avaiiable. Overprotecting workers may
present problems just as serious as underprctecting. When HPD's attenuate
wore noise than necessary, thevy also filter out wanted sound such as that frow
conversation, audible signals and alarms, and operating rmachinery. 1In order
to hear these sounds, wvorkers will often deliberataly misfit or tamper with
their HPD's. 1If they do not, they may miss important communications and
signals, endangering the vessel or operation. This is why it {s {mportant to
select the HPD which protects mainly at the frequency levels necessitated by
the particular noise encountered and then train and motivate the personnel to
properly weatr the devicas to attain the calculated attenuation.

6. Once HPD's are properly selected and issued, care must be taken to
maintain them. Manufacturers’ Iinstructions concerning sanitation, maintenance
and replacement should be followed. For example, cushlons on ear muffs often
harden and crack aftar a fev months use, reducing the effectiveness of the
auff, and must be replaced.
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HEARING CONSERVATION PROGRAM

1. A Hearing Conservation Program should be des{gned to prevent hearing
damage to crewvaenmbers and to datect and trest, at an early stage, those
persons who are beginning to experience a loss in hearing acuity dus to
workplace noise. Soms basic slements of a Hearing Conservetion Program are asg
follows:

a. A vell-designed plan for controlling the noise exposures of
crewnembers through administrative controls and hearing protsctive devicas
(HPD's).

b. Instruction of exposed persons on the hazards of high noime
exposure, the design and 3oals of the unit's Hearing Conservation Program, and
the proper use of hearing protective devicee.

c. Initial and periodic sudiometric tests sdministered by & trained
and appropriately qualified person and reviewed according to accepted practice.

d. Maintenance of sudiometric test records.

e. Follow=-up analysis of records o detect individusls {ncurring a
significant shift in hesaring acuity and subsequent action to prevent further
hearing damage to those individuals.

2. As important as the design of a Hearing Conservation Program is, a
factor just as critical is the effort spent on convincing the affected
personnel of the ressons behind the program and the purpose of the procedures
chosen. The pivotal characteristics of a successful Hearing Conservation
Program can be broken down as follows:

* education

* motivation

* comfortable and effective HPD's

* support by all levels of supervision
* enforcement

* feed-back

When a hearing Conservation Program is well designed and implemeanted, the
proper use of HPD's can become quickly esntablished and accepted by the crew.
Popular aisconceptions concerning noise and HPD's can be dissolved through an
effective educationsl program. Many short films are available which are
useful {n highlighting the pertinent topics and maintafining the {nterest of
personnel (enclosure (9), ref. 13).

¢ -
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NOISE LIMiTS RECOMMENDED BY IMO

(Refevence paragraph 4.C.2 of main text.) The following are noise level
liasits recommended by the International Mariti-c O-gaoization (IMO) {n {ts
"Code On Noise Levels On Board Ships”™ (Enclosure (9), ref, 2) for new vessels
over 1600 gross touns.

1 Work Spaces dB(A)
.1 Machinery spaces (continuously maaoned) 90
+2 Machinery spaces (not continuously smanned) 110
.3  Machinery control rooms 75
oh Workshops 85
.5 Non-specified work spaces 90n

2 Navigation spaces dB(A)
.1 Navigating bridge and chartrooms 65
.2 Listening post, including navigating bdbridge

vings and windovs 70
.3 Radio rooms (with radio equipment operating
but not producing audio signals) 60

.4 Radar rooms 65

3 Accoamodatior spaces - 4B(A)
.1 Cabins and kespitals 60
«2 Mess roons 65
«3 Recrestion roouns 65
.4 Open recreation areas 75
.5 Offices 65

4 Service spaces

.1 Galleys, vithout food processing

equipment operating 75 !
«2 Serveries and pantries 75 !
S Normally unoccupied spaces dB(A) :
Spaces not specified 90% (
. B
* Coast Guard Note: Reduction to this level will not automatically ; ‘
preclude need for hearing protective devices. - e
% .
R -
@D
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SUGCESTED ENGINEERING METHODS FOR CONTROLLING NOISE

1. Esncral

a. Reducing shipboard noize levels is a couplex endeavor which requires
careful consideration. This enclosure presants a short discuseion of the many
practices which are commonly used today.

b. Design and construction of noise control measures should be supervised by
persons skilled in noise control techniques. The references listed in
enclosure (9) also, offer a wealth of expertise on the subject. Attention 1is
drawn {n particular to reference 5, the SNAME Design Guide for Shipboard
Afrborne Noise Control. .

c. Some of the measures which can bea taken to control noise levels or reduce
the exposure of crevuenbers to potentislly hareful noise are indicated in
paragraphs 2 through 10 of this enclosure. It is emphasized thsat it vill not
be necessary to implement all or any of the ssssures recommendead in this
enclosure on all ships. The enclosure does not provide detailad technical
information needed for putting constructional noise coatr-l meagures into
effect, or for deciding which measures are appropriate in perticular
circumstances.

- 1 as
ontrel msasurss, ¢arvs should Lo tsken to ensure that

(4]

d. In applying noilss t

tules and regulations concerning ship structure, accommodation and other
safety matters are not infringed snd that the use of sound reduction msterisls
does not introduce fire or health hazards.

e. The need for noise control should be takan into account {n the deasign
stage of a unit, whin deciding which of different designe of structurass,
engines and machinery are to be installed, the method of inatallation, the
siting of machinery in relation to other epaces, and the scoustical insulatfion
and siting of the accommodation epaces.

f. Due to the norwal methods of ship conetruction, it is most probable that
noise originating from machinery and propeilers reaching the accoemodstinn and
other spaces outside the machinery spaces will be of the structure-borne typs.

g+ When designing efficient and economical weasures for controlling noise
fron machinery installations in existing ships, the A-weighted noiss
measurements cust norwslly be supplemented by some formw of frequency analysis.

2. Isolation of Sourccs of Noise

a. Where practicable, any engines or machinery producing excessive noise
levels should be installed in compartments which do not require centinuous
attendance.

b. Accommodations should be sited both horizcntally and vertically as far
avay as ia practicable from sources of noice such as propellers and propulsion
machinery.

e
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¢. Machinaty casings should, vhere practicable, be arranged outside
superstructures and deck houses contsining accommodation spaces. Where this
is not feasi{ble, passagevays should dbe arranged betwveen the casings and
accomsodation spaces, if practicabdle.

d. Consideration should be given, where practicahble, to the placing of
acconpodation spacen in deck houses not in syperstructures extending to the
ship's side.

e. Consideration may also be given where applicable to the separation of
accommodation spaces from machinery spaces by unoccupied spaces, sanitary and
washing ~oous.

f. Suitable pertitions, bulkheads, decks, etc. may be nseded to prevent the
spread of sound. It is igportant that these be of the correct construction
and location in relation to the source of sound and the frequency of the sound
to be sttenuated.

g. Sound absorbing material is useful in preveuting the {ncrease of noise
level due to raflection from partitions, bulkheads, decks, etc.

3., Exhaust and Intake Silenc{g&

a. A{r intske systems to machinery spaces, accommodation spaces and other
spaces and exnhausi svsiems from internal combustion engines should be arranged
8o that the inflow or discharge orifices are remote from places which are
normally frequented by crewmeubers.

b. Silencers and attenuators often provide effective nolse reduction. Lining
of ventilation ducts at strategic locations with sound absorbing msterial
(with due regard to structural fire protection standards) can also be
extrenely effeccive.

¢. To nminimize noise levels {n accocumodations, it is normally necessary fo
isolate exhaust systems anl certain pipevork and ductwork from bulkheads,
casings, etc.

4. Machinery Controls

a. 1In continuously manned spaces or spaces where crewaembers might reasonably
be expected to spend lengthy periods of time on maintenance cr overhaul work,
consideration may have to be given to the fitting of sound fnsulciing
enclosures or partial enclosures to engines or machinery producing excessive
sound levels. Whan sound insulating enclosures are fitted, it is {mportant
that they entirely enclose the noise gource.

——— - = - . ——————— g
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b. Although it msy seec that noise in high noise aress such as engineerconms
and machinery spaces eminates from a vague multitude of noise contributing
sources, it has bean found that most of this nolse if usually traceadble to s
few specific components on certain systeas or wmachinery. These components can
usually be traced systematically and then economically treated, substantially
reducing enginercom noise levels, often to levels where hearing protectors
would not bhe necessary. A partial list of thise sajor noise elements sre as

follows:
Stesm Turbine Plants Diesel Plants
Gear boxes M-GC sets
M-G sets Gear boxss
Valves Hydraulic systems
Boiler fana Ventilation systen fane
Hydraulic systems Engine componsnts
Ventilation system fans = Turbo chargers
Turbines ~ Velve covers
Couplers (high speed only) -~ 1Inspection plates

- Exhaust systen
- Expansion joints
Inteke systea

Reduction of Noise in the Aft Body

To reduce the noise influence in the aft part of the essel, especially in

anaa amadd

”

»
4}

s sccoummodation spacss, considsration way be givan to the vavjous
noise/vibration cortributions of propeller, sheft, wave action, etc. during
the procedures of designing the aft body, propeller, etc.

6. Fnclosurs of the Operator

In many sachinery spaces it may be desirable to protect operating or
wvatchkeeping personnal by providing a sound reducing control room or other
similar space.

7. Controls in Accommodation Spaces

a. To readuce noise levels in accommodation spaces it may be necessary to
consider tha ieolation of deck houses containing such sapaces from the
traaining structure of the ship by resilient mountings.

b. Consideration may also be given to the provision of flexible connections
to bulkhetds, liniage and ceilings end the installstion of flosting floors
vithin accommodation epaces.

i ¢. The provision of curtains tc side scuttles and windows and the use of
cerpets within accommodation spaces eesists in absorbing noise.

e e —— —— —————
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B. Selection of Machinery

a. The sound produced by each iten of machinery to be fitted should be taken
into account at the design stage. It is often possible to control noise by
selecting the machine which produces the least airborne, fluid-borne or
structure~borne sound.

b. Hanufscturers rhould be requasted to supply information on the sound
produced by theirv mschinery and aleo to provide recowmmanded aethods of
installscion {n order to keep nolise levels to s nininua.

9. Inspection and Msintensnce

All {tems of machinery, equipment and associated working spaces should be
regularly inspected with respect to noise by a competent parson. Should such
inspectlon reveal defects in the seans for noise control, or other defects
csusing excessive nolise, these should be reccified as souvn as practicable.

10. Vidration lsolation

a. Where neceusary, aachines should be supported on specially designed and
fitted rasilient mountings.

b. Where structutre-borne sound frosw auxiliary machinery, compressors,
hydraulic units, gsnerating sets, vents, exhaust pipes and silencers produces
unacceptable noise levels in accommodation spaces or con the navigating bridge

resilient mountings should be fitted to isolate tha equipment frog the
structure. .

¢. When sound insulating enclosures are fitted it is desirable that the
machine should de resiliently mounted and that all pipe, trunk and cable
connections to it be flexible.

AR Beae . T LI

—— oy w = e

Te v

R

b o T




T O T RNy R P I

Enclosure (8) to NVC 1 2 - 8 2
2 JUN 987

NOISE REDUCTION ON TOWBOATS AND OTHER SMALL VESSELS

1. The probiem of noiee on small vassels such as towboats, offshore
supply bosts, crewboats, etc. is in wmany vays more difficult and complex than
on larger vassels. Although er:losure (7) 4iecusses woet of the practiced
wethods of nolse control on vessels, a separate enclosute speaaking
particularly to tha problem on small vassels was considered necessary.

2. Small vessels usualiy incorporate high horeepover propulsion systems
into very small frames. Consequently, mechanical vibration froa the machinery
i{s not effectively dampened by the mass of the vessel, but rather i
transaictted through the light etructure and converted to noise a8 it vibrates
about the vessel. This structure-borne noise is the predoainant problem on
most emall vessels and {s difficult to control. Because of the wegnitude of
the problem, 1t hss been accepted that high noise levels are usually
unavoideble. As a result, crevmembers are exposed to very high noise levels
not just in working areas, but {n meess, lounge and berthing areas as well.

3. Despite the difficulties, there is potential for substantial nolse
reductions on swall vessels. Other countries and a few companies in the
United States have successfully developed several nolise control techniques
over the last decade. The techniques are somevhat expensive, but generally
not prohibitively so. Investmeants made in developing and implementing these
techniques will afford substantial benefits in days ahead.

b. When congidering the application of nolse controls, it is suggested
that first priority generally be placed upon reducing noise to acceptable
levels in accommodation spaces and in those aress where pergonnel cannol wear
protective devices because of operational necessity. This should not
discourage applicstion of enginaering controls to machinery spaces, since such
controls are often the best method of reducing noise in other areas of the
vessel. Noise reductions can be more easily achieved on newv vessels,
incorporated into the vessel design, than retrofitted into existing vessels.
Because of the complexity of noise control, it is important that persons
having expertise in shipboard noise control be consulted particularly
throughout the design and construction phases of new vessel construction and
betore attempting expensive noise controls on existing vessels.

5. No atteapt will be rmads to describe in detail the various means for
reducing nolse levels on small vessels. Literature such as that listed in
references 6.3J. thru 10 of enclosure (9) should be researched for this
information. However, the following is a parctial list of several methods,
most of which are discussed in encloasure (7), which should be considered:

- mwaximizing distances and providi{ng buffer spaces (voids, tanks,
etc.) between accommodation and machinery spaces;

- room isolation, e.g. floating decks and resiliently suspended
bulkheads and deckheads;
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~ Tresilient mounting of all vibracing machlnery;

- effective nolise barrier around high noise spaces, to prevent nolse
transwission to adjacent spaces, and sound sdsorbing material
around high noise aspaces, tc reduce conttribution of reverberant
noise within the space;

- flexibly mounting exhaust, ventilation and other service lines;

- Ansuring that all €it-ups are tight and that all penetrations
through spaces sre sealed;

- silencers or sttenuators on ait intakes and exhgust;

= sound absordtion trestment of accommodatlon epacas;

- wuse of lov noise components, e.g. hydraulic punps with low
fluid-borna noise levels.

6. The use of room isolation is expensive and can possibly present
stavility problems by affecting a vissel's center of gravity. However, the
results in reducing noise levels can be dramatic. WNow that hetter techniques
are being refined and standardized, room i{solarion should be giver serfous

considerstion.

7. The use of resilient mounts on main propulgion engines can also have
dramatic results in reducing transmission of noise through the structure to
outside spaces. They do hnwever, present substantisl problems for sheft
alignoent snd maintenance and in most cases require use of flexible
couplings. At the present time the use of resilient mounts for wmain
propulsion engines wiy not be feasible on meny vessels. However, the

technology 18 cectainly feasi{tle and should be developed by the {ndustry,

8. The technology for reducing noise on small vessels is feasible; wuch
is already developed. There 1s an immediate need for an {ndustry forug for
gulding this technological developnent and providing standards and information
which could then he diseminated back to the industry. It s believed that {f
enough interest were oxpressed to an appropriate technical society a committee
would be established to perform this function.
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