Informational Report 1034

The Noise Environment
of the Underground
Coal Mine

By Thomas G. Bobick and Dennis A. Giardino
Pittsburgh Technical Support Center, Pittsburgh, Pa.

UNITED STATES DEPARTMENT OF THE INTERIOR
Thomas S. Kleppe, Secretary

Mining Enforcement and Safety Administration
Robert E. Barrett, Administrator

/],té

, T T

6!







10.

| LLUSTRATI ONS- - Cont i nued

The distribution of average operating times, average noise |evels
and resultant NEl's for the different operating nodes of the
cutting machine.:.................... e

The distribution of average operating times, average noise levels
and resultant Nel's for the different operating nodes of the

pneumatic stoping drill............ e

Permissible noise exposure.......... ...
Production of bitumnous coal by underground mining in the United

S Al S L L
U S. production of bituninous coal by underground nining from

States with a mininum production of 1 nmillion tons per year ......
State and production nmethod of mines surveyed......................
Listing of mnes surveyed...............c.oiiiiiiiiii.
Average noise levels and operating times of the face equiprent

SUMVBY B L L
Noi se exposure index distribution of face equipnent surveyed.......
Noi se exposure index distribution for underground coal mne

O KT S L
Noi se exposure indices of the major operating nodes of the

eqUI PMENt  SUFVEYEd . . ...
Conparison of data for the 1970 and the present surveys............
Conparison of the total NEI values for the different criteria......
90 dBA for 8 hours with a 3 dB tine-intensity trade-off ............
85 dBA for 8 hours with a 5 dB tinme-intensity trade-off ............
85 dBA for 8 hours with a 3 dB tinme-intensity trade-off ............

Page

11
16
19
19
20
20



CONTENTS

Page
Y 3 A - U A 1
LNt FOUCT T ON - e v o e e e e e e e 1
ACKNOW BAGIMBNES - oot 2
Overview of the underground bituminous coal mining industry............. 2
ProduCti On . ..o oo 2
Mning mMethods ...... . ..o 3
Scope Of the NOISE SUITVEY ...t 4
NOi S SUFVEY ProCeAUIN € . oottt ettt et ettt e e 6
Qocupation selection. ... ... 6
Noise level--time study..........coo i 6
Cctave band analysis .. ... 6
Noi se exposure of face WOrkers ................... i, 7
Overall data . o oot e e e e 7
NOi S€ EXPOSUIE T NABX . ..ottt 8
Conparison of face equipment .............oo i 10
Operating nmode versus noise level ........ ... 12
Changes in the noise environment since 1970........................ 15
Forecast of future situations in underground coal mines................. 17
Hearing loss and noise standards ............... ..., 17
Effect of adopting new noise standards .......................... ... 18
Di SCUSSI 0N Of T ESUI TS « v vttt e e 21
REf B BN « « v v v vttt 22
ADPENGI X A e 23
ADPENi X B 26
| LLUSTRATI ONS
1. Typical octave band spectra for three different underground mining
OCCUPAL T ONS. .\ vttt ettt e 7
2. Noise level-time data for the underground face equi pnent surveyed
(major operating mode) . ... 11
3. Typical variations in noise |level and operating times for
underground face equipnment surveyed (major operating node)........ 12

4. The distribution of average operating times, average noise levels

and resultant Nel's for the different operatlng modes of the

shuttle car. o C 13
5. The dlstrlbutlon of average operatlng tlnes average noi se IeveIs

and resultant NFl's for the different operating nodes of the

rotary roof bolter. ............. o oo 13
6. The distribution of average operating times, average noise |evels

and resultant NEl's for the different operating nodes of the

coal drill. . .. 13
7. The distribution of average operating times, average noise |evels

and resultant NEl's for the different operating nodes of the

loading MAChi Ne. . . ... .. . . 13
8. The distribution of average operating times, average noise |evels

and resultant NEl's for the different operating nodes of the

CONLINUOUS M MBI . Lttt e e 14



THE NOISE ENVIRONMENT OF THE UNDERGROUND COAL MINE
by

Thomas G. Bobick' and Dennis A. Giardino®

ABSTRACT

The Noise Goup, Pittsburgh Technical Support Center, Mning Enforcenment
and Safety Administration, conducted a series of environmental noise surveys
in 12 underground coal mnes. Mre than 2,600 enployees were included in
this survey. Analysis of the data indicates that 7 percent of this total,
including 20 percent of all face workers, are exposed to noise |evels which
are in excess of the prescribed linmts set by the Federal Coal Mne Health
and Safety Act of 1969. A projection of the effect that revisions in the
noi se standards woul d have on the underground coal mning industry is also
present ed.

| NTRODUCTI ON

The enactnment of the Federal Coal Mne Health and Safety Act of 1969
prescribed maxi mum noi se exposure levels for workers in the coal nining
industry. Section 206 of the Health and Safety Act established that the
standards for noise as prescribed by the \Walsh-Healey Public Contracts Act
will be applicable to all coal mnes.

On April 3, 1970, the Mandatory Health Standards--Underground Coal M nes
(Subpart F, Noise Standard, of Part 70, Subchapter O Chapter |, Title 30)
was published in the Federal Register and becanme effective on June 30, 1970.
During Decenmber 1970, a notice of intended rul emaking setting forth proposed
amendments to the Noise Standard was published in the Federal Register.
Conments received from interested parties regarding these amendnents were
mai nly concerned with the conplexity of the proposed nmaxinum noise exposure
levels. It was decided, therefore, that the maxi mum noise exposure |evels
woul d be those prescribed by the Wl sh-Heal ey Public Contracts Act as anended
on Cctober 1, 1969, and subsequently published in the July 7, 1971, Federal
Register. The permssible noise levels and related times of exposure are
shown in table 1.

"M ning engineer, Noise Goup, Pittsburgh Technical Support Center, M ning
Enforcenent and Safety Adm nistration.

"Chief, Noise Goup, Pittsburgh Technical Support Center, Mning Enforcenment
and Safety Adninistration.



TABLE 1. - Pernissible noise exposures

Duration/day (hr) Noi se | evel (dBA)

8 90
6 92
4 95
3 97
2 100
[-1/2 102
1 105

34 107

/2 110

[/4 or less 115

These standards are still in force today. However, there is pressure

fromdifferent agencies to nake these standards more stringent. Before
addressing the effect nore stringent standards would have on the mining
industry, a detailed look is needed at the present noise environment of the
underground coal mne.

ACKNOALEDGVENTS

The authors wish to express their appreciation to the managenment of the
coal companies listed in the text for their cooperation and their assistance
while the surveys were conducted at their facilities. Al'so, appreciation is
extended to Jerry W Antel, engineering technician, Noise Goup, for his
assi stance and suggestions during the data collection of this study.

OVERVI EW OF THE UNDERGROUND BI TUM NOUS COAL M NI NG | NDUSTRY
Producti on

Peak production of bitumnous coal from underground mnes in the United
States was approximately 520 million tons in 1944. Underground production
has been cyclic since then, with a low of approximately 273 million tons
reached in 1961. The production picture for the period 1969 (when the Federa
Coal Mne Health and Safety Act was passed) through 1974 is shown in table 2
The sudden drop in coal production in 1971 was due to the nationw de coa
strike during that year. There was sone recovery during the next 2 years
but it was not sufficient to match the |levels of 1969 and 1970. The
production for 1974 dropped again because of a 6-week strike at yearend.

If that strike had not occurred, underground coal production mght have
reached 310 million tons.




TABLE 2. - Production of bitum nous coal by
underground mning in the
United States

Year Thousands of short tons
1969.............. 347,131
1970, ............. 338, 788
971......... ... .. 275, 888
1972, ... ... 304, 103
1973, ... ... 299, 354
1974, ............. 283, 000

Table 3 lists the States which had a yearly production of at |east
1 mllion tons, from 1969 to 1973. West Virginia, Kentucky, and Pennsyl vani a
were the nost productive States consistently accounting for about 70 percent
of all underground coal production.

TABLE 3. - U.S. production of bitunminous coal by underground
mning from States with a nini num production
of 1 mllion tons per year

(Thousand net tons)

State 1969 1970 1971 1972 1973
West Virginia.................. 121, 623 116,414 | 92,437 101,662 | 95,516
Kentucky ....................... 64, 336 62, 610 53, 216 56, 493 62, 895
Pennsylvania................... 56, 039 55, 382 44,289 49,133 | 46, 207
Virginia....................... 30, 373 33,093 29, 446 31,721 23, 437
[1linois............. ... .... 30, 082 28,018 | 21,631 23,993 32,570
Qo 18, 625 18, 111 12, 862 16, 269 16, 225
Alabama ........................ 9, 287 9,078 6, 751 7,588 7,618
Uah........... i 4, 657 4,733 4,620 5, 866 5, 500
Tennessee . ..., 4,473 4, 350 3,543 4,770 3,636
Colorado ................ov.tt. 3,615 3, 858 3, 329 3,070 3, 361
Indiana........................ 2,110 2,094 1,765 1,446 1,000

At the present time, underground coal production is approximtely equa
to the production from surface coal mines. In the future, a larger percentage
of coal may be produced from new surface mnes in the Western States using
nodern surface mning techniques. Despite this, any increase in coal demand
probably will also result in an increase in the coal production from under-
ground nmines. In fact, the Project Independence blueprint calls for a 4.5
percent yearly increase in underground production to neet an anticipated 1985
coal demand of 1.2 billion tons.

M ni ng Met hods

There are -four general methods for mning coal underground
(1) conventional, (2) continuous, (3) longwall, and (4) shortwall. For the



continuous and conventional nethods, the coal is mned by a continuous mner
or gathered up by a loading machine after blasting;, the freshly exposed strata
are then supported by timbering or roof bolting. For a longwall system of
mning, very large panels of coal are isolatedby a continuous mner. The

mej or production tool is a cutting head (a shear or plow) which is pulled back
and forth across an extrenmely wide coal face (usually 250 to 700 feet). Self-
advanci ng hydraul i c jacks support the roof while mining is in progress. As
they noved forward, the roof is permtted to cave behind the support units.
Shortwal | mning is very simlar to longwall but instead of the shear or plow,
a continuous mner is used with the self-advancing roof jacks.

The continuous mining method is by far the most commonly used underground
coal extraction procedure. In fact, it accounts for approximtely 60 percent
of the total tonnage of coal mines underground in the United States. Because
of the widespread proliferation of this equipment, and its probablefuture applica-
tion, any-noise study of the underground coal mining industry should have
its focal point in continuous 'mning sections. This is precisely where the
bulk of effort was expended for this survey.

SCOPE OF THE NO SE SURVEY

The 12 nines that were included in this survey were randomy selected
from the major underground coal producers in the Eastern United States.
El even of the 12 were located in the three high production States (West
Virginia, Kentucky, and Pennsylvania).

A Dbreakdown of all production sections surveyed by State and nining
methods is given in table 4. Mre than twice as nmany continuous m ning
sections were surveyed than conventional sections. Only two |ongwall
sections were included in the survey.

TABLE 4. - State and production nethod of mnes surveyed
State Nunmber visited M ni ng net hod
Cont i nuous Conventi onal Longwal |

Pennsylvania........... 4 16 1 1
Vest Virginia.......... 14 0 1
Kentucky............... 2 7 10 0
Alabama................ 1 2 6 0
TotalS. .o\ .. 12 39 17 2

A detailed listing of these nines, including |ocation, seam name and
thickness, the nethod of nmining, average daily production and the total number
of enployees are presented in table 5.



TABLE 5. - Listing of mnes surveyed
M ni ng Aver age Total | Under gr ound Sur f ace
M ne nane Locati on Seam thickness met hod Production| men enpl oyees enpl oyees
(tons/ day)
Eureka No. 40 nine. |Scalp Level, Upper Kittanning |Continuous 970 90 60 30
Pa. 70 inches.
Lancashire No. 25 Bar nesbor o, Lower Freeport Conti nuous 3, 000 318 224 94
n ne. Pa. 40-42 inches. Longwal |
Fawn mne......... Saxonbur g, Upper  Freeport Conti nuous 2,000 100 90 10
Pa. 54-60 inches. Conventi onal
Russellton mne.... |Russellton, Upper and Lower |Continuous 2,300 266 197 69
Pa. Freeport
52-84 inches.
Lundale No. 1 mine. |Lundal e, Cedar G ove Conti nuous 1, 600 133 115 18
W Va. 48-72 inches.
No. 116 nmine....... Euni ce, Eagl e Conti nuous 750 86 81 5
W Va. 48-60 inches.
Oga mne......... Coal wood, Pocahontas No. 4 |Conti nuous 4,500 455 373 82
W Va. 48-66 inches. Longwal |
No. 10 Wsconsin Benham KY... |"A" 78-84 inches [Conventi onal 2,000 75 51 24
n ne.
No. 1 mne......... River, KY....|Mller's Ceek Conventi onal 800 80 67 13
28-30 inches.
Star  underground Central dity, |Kentucky No. 9 Conventi onal 7,200 294 277 17
m ne. KY. 60- 66 inches.
Maxine mne........ Quinton, Ala. |Anmerican Conventi onal 6, 000 422 357 65
32-54 inches. Conti nuous
No. 32 mne........ Lynch, Ky.... [High Splint Conti nuous 6, 300 313 290 23
42-60 inches.




NO SE SURVEY PRCCEDURE

. Qccupation Sel ection

Arrangenents were made with the mine management and MESA District
i nspection personnel to conduct each noise survey at a particular mne. The
i nspection personnel assisted the Noise Goup while at the mne

Fromtable 5, the total nunber of enployees for all 12 mines included in
this survey was 2,632. A detailed noise survey was not conducted on all of
these workers. Rather, a screening technique was used to select those indi-
vidual s who were exposed to noise levels in excess of 90 dBA for extended
periods of time. These individuals, it was felt, were the ones nobst likely
to suffer hearing inpairnent. Consequently , these workers were studied in
detail. As it turned out, nost of these high-risk enployees were the ones
who normal |y operate production or supportive face equipnment. For the sake
of conpleteness, a listing of all the job occupations and nunber of men in
each category for the 12 nines is given in appendix A

Noi se Level --Time Study

The noise survey consisted of neasuring and noting two variables
(1) the sound levels to which the worker was exposed and (2) his exposure
time to those levels per work shift. To neasure the sound level, two Genera
Radi 0 1565- A sound | evel neters were used in all the surveys. These sound
| evel neters neet the specifications of Section 70.505(a) of Subpart F--
Noi se Standard of the Mandatory Health Standards--Underground Coal M nes
The sound level neters were operated on the A-weighted network, slow response
and were acoustically calibrated before, during, and after each shift.
Calibration was done using the General Radio 1562-A sound |evel calibrator
which emts a 114 dB, 1,000 Hz tone re 20 uthﬁ. When possi bl e, noise nmeasure-
ments were taken with the mcrophone oriented in a vertically upward direction,
approximately 1-1/2-feet away from the enployee's ear closest to the noise
source .

The total time of exposure at each sound |evel was deternmined by a
partial shift time study of that occupation. These partial shift studies
consisted of recording the tine of exposure at each sound level during the
various operations for one conplete cut of coal and noting the tonnage
produced for that cut. The resulting full shift exposure was then calcul ated

based on the total tonnage produced on that section for a nornmal production
shift.

(ctave Band Anal ysis

In addition to the sound |evel meter, an octave band anal yzer (OBA) was
used occasionally during these surveys. Wen used, the OBA (General Radio
Type Model 1558-BP) permitted the determnation of the frequency content of
the noise. This device electronically separates the noise signals into nine
octave bands which cover the audible frequency range. As the various
frequencies are dialed through the OBA, a sound level is measured for each
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FIGURE 1. - Typical octave band spectra for three different underground mning occupations.

band. If all of these sound |evels are acoustically added together @§
(after applying the A-weighting correction values for each band), the
overal| dBA level is obtained. Thus, the OEA pernits a nmore thorough exam
ination of the noise involved. Figure 1 illustrates typical noise spectra
for three underground occupations: a continuous mner during the cut and
| oad operating node, a longwall shear meking a pass across the face, and a
belt conveyor operating while |oaded with coal.

NO SE EXPOSURE OF FACE WORKERS
Overall Data

Undoubtedly the noisiest location in an underground coal nine is at the
working face. The primary activity at the face, which is the brute force
extraction of coal, requires a trenendous ampunt of nechanical energy.
Unfortunately, a byproduct of this force expenditure is the generation of

"Underlined nunbers in parentheses refer to the list of references preceding
the appendi xes.



noise. Measurements made in an underground environnent indicate that, in
many cases, the noise levels are excessive.

Face mning machinery, like most machines,has several different operating
nodes. The rotary roof bholter, for exanple, has three separate nodes of
operation: trammng, drilling, and tightening. The noise emtted in each
nmode is distinctive, having different characteristics of frequency and |evel
Thus, when ascribing a noise level to a machine, it is essential that the
operating node be specified.

The noise levels at the operator's position for eight different types
of face machinery, in several different operating nodes, were neasured in
these surveys. In all, 182 individual mning machines were surveyed.
Table 6 lists the eight machines investigated, the nunber of each type sur-
veyed, along with the average noise |evel and average operating tine per
shift for all the operating nodes. The standard deviations in the time and
noi se level data are included to indicate the range of the val ues observed.
Al though the mantrip is usually not considered a face operation, it is
i ncluded because it does add to the noise exposure of the worker in transport-
ing himto the face.

Noi se Exposure | ndex

The noise exposure index (NElI) is defined as the ratio of actua
exposure time at a certain noise level, to the pernitted exposure tine, that is:

=C,
NEL = ()
where C = actual time (measured in mne)
and T = permtted exposure time (as given in table 1).

[f the noise |evel should change during the course of an enployee's work
shift, an NEl nust be calculated for each different noise level. The total
or accumul ated NEl for that shift is then the sumof all the individua
NEl's, that is:

NI =S +C2 4,

< (2)
T, T,
where ¢, - actual exposure time for noise level No. 1
c, - actual exposure time for noise level No. 2 . :

T, = permtted exposure time for noise level No. 1
and T, = permtted exposure time for noise level No. 2 .
A worker is considered out of conpliance if his daily total NEI exceeds

unity. In practical terms, this neans that his actual exposure time has
exceeded the permtted exposure tines as definedby table



TABLE 6. - Average noise |evels and operatin? tines
of the face equi pment surveyed

Machi ne type Nunber Qperating Average noise | Average operating time
surveyed node | evel (dBA) per_shift (mn)
Cont I nuous 33 Tram........ 87.3+4. 1% 57+34*
m ner. Cut only.... 95, 1+3.1 29119
Load only... 94.2+2.3 29+26
Cut and 97.2+2.6 10847
| oad. **
Loadi ng machi ne 18 Tram........ 91.743.6 73125
Load** ...... 96. 72. 4 97132
Clean-up.... 99.313.1 A7+27
Shuttle car.... 47 Tram........ 86.6+1. 8 10658
Load**...... 89.7+2.5 6l 30
Unload...... 89.012.7 3817
Cutting machine 17 Tram........ 85.7£3.3 51+21
cut**, ..., 91.442.3 118+43
SunP. . ..., 94.912.0 18+6
Coal drill..... 17 Tram........ 83.6£2.9 51+23
Drill** ... 87.713.2 47116
Maneuver . ... 84.2+2.0 22112
Rotary roof 37 Tram........ 85. 512. 2 46127
bol ter. Drill** .. .. 93.213.2 91131
Bolt........ 91.243.6 7+3
ldle........ 85.1+2.0 34110
Stoper......... 11 Drill** . ... 119.4+1.8 139158
Bolt........ 106. 1£7. 8 3327
ldle........ 100. 1+4.0 32+3
Longwal | shear. 2 Qutting..... 89.544.9 177+ 3
1+14
Mantrip........ 58 92. 613. 2 3

*+ yalues represent one standard deviations 1 n neasurenents.
** Major operating node

An alternate determination for NEl can be obtained using the follow ng
expressi on:

L-115
5
NEI =S x 2 , (3)
15
wher e C = actual exposure time as measured during a noise survey (nnutes)

and L = noise level in dRA as neasured during a noise survey.
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Using this expression in conjunction with the data given in table 6
the total NEI for each machine type was calculated. Table 7 gives a percent-
age breakdown of the machine populations for different NEI ranges. As can be
seen, one-third of the continuous miners and |oading machines are out of com
pliance with current noise standards. As expected, 100 percent of the stopers
(pneumatic roof drills), but surprisingly only 5 percent of the rotary roof
drills are out of conpliance. Table 8 is another way to |ook at the NEI data
Here a breakdown of worker population for various ranges of NEl is given. It
can be seen that the nonconpliance segnent for the entire population of under-
ground workers is only 7 percent; while nore than 20 percent of the face
workers are out of conpliance. If one were to include the "susceptible" NEl
range of 0.75 to 1.0, then fully 30 percent of all face workers would not
conply with present noise standards. This NEI range is considered susceptible
since a slight increase in the noise levels and/or operating times wll result
in over exposure for these enployees.

TABLE 7. - Noise exposure index distribution of face equi pnent surveyed
Percentage of equipnent with NEl : of
Equi pment  category | Population [0 to 0.49 [ 0.50 to 0.74 [ 0.75 to 1.0 | Geater
than 1.0
Stoper............ 11 0 0 0 100.0
Continuous miner.. 33 27.3 15.2 24.2 33.3
Loadi ng nachi ne. .. 18 0.6 16.7 44. 4 33.3
Rotary drill...... 37 64.9 27.0 2.7 5.4
Shuttle car....... 47 93.6 6.4 0 0
Cutting machine... 17 58.8 35.3 5.9 0
Coal drill........ 1% 100.0 0 0 0
Longwal | shear.... 50. 0 50. 0 0 0
TABLE 8. - Noise exposure index distribution for
under ground coal mne workers
Tot al Percentage of workers with NEl of
Vrker category | population [0 to 0.49 [0.50 to 0.74 [ 0.75 to 1.0 [ Geater
than 1.0
Al............... 2,632 78.1 10.6 4.1 7.2
Face.............. 778 56.9 12.9 9.9 20.3
Nonface, ........... 1,854 86.8 9.8 1.7 1.7

Conpari son of Face FEqui pnent

From the previous table, it can be seen that better than 20 percent of
all face workers are out of conpliance. Because of this, a detailed analysis
of the face equipment is given. Figure 2 shows a bar graph evaluation of the
operating time and noise level in the major node of operation for the equip-
nment surveyed. The nmmjor operating nodes are indicated in table 6. As can
be seen, the pneumatic stoping drill is by far the worst noise offender. The
next |oudest equipment is the |oader and continuous miner, followed by the
cutting machine and rotary roof bolter. Table 9 lists the conputed NEI for
the mjor operating node of the equipnent surveyed. However, the listed NE



value is only a partial

11

noi se exposure index for the equi pment specified.

The other operating modes (listed in table 6) will add to the worker's overall
NEl for the full working shift.

TABLE 9. Noi se exposure indices of the major operating
nodes of the equi pment surveyed
Equi pment Maj or operating node |Average NEI
Mantrip... ... ... ..., Mantrip. ... 0.09
Coal drill.......... 3 I 0.00
Shuttle car......... Load................. 0.00
Cutting machine..... QU 0.30
Rotary roof bolter.. [ Drill ................ 0.30
Loader.............. load................. 0.51
Continuous mner.... | Cut and load......... 0.61
Stoper.............. Drill. .. ............ 17. 10
120 1 T 1 T Some indication of the
2 statistical variations in
the measured parameters can
15 be obtained fromfigure 3.
7 Here rectangular areas in
Stoper |/ the dBA-tine space define
o drill % the range of the observed
B \/ parameters for a 68-percent
2 confidence linit (one stan-
dard deviation). For
105} 2 exanple, 68 percent of the
§ shuttle cars surveyed had
5 Cutting machine noise levels in the range
@ Continuous miner 1 | of 87.2 to 92.2 dBA and
i 100} Loader operating times in the range
" Roofboter % of 31 to 91 minutes per
2 . % shift. This is displayed on
Z o5l Man trip % 2 the graph by the rectangul ar
Coal driil area marked "shuttle car."
Shuttle % f I'n general, rectangular
] j— %/ % areas that are "squashed"
90— g 7287 % along the dBA axis represent
é 2% ] | machine types which have
2 2, Z20% % large variations in noise
asl 4 % A A1) ] | level and smll variations
/// in operating time, while
7 2% % Z % rectangul ar areas "squashed"
% 2 ) A0 /] | along the time axis repre-
800 L Ad el e R— /150 sent machine types having a
AVERAGE OPERATING TIME. riin smal | variation in noise
' level and a large variation
FIGIRE 2. - Noise level-tinme data for the underground in operating tinme.

face equi pment surveyed (mejor operating

mde) .
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125 LA B A A A Again, it can be seen
that stopers exist in a
class by thenselves, show ng
a noise level range of 117.6
20— Sfoper\ i to 121.2 dBA and an operat-
ing time range of 81 to 197
mnutes per shift.

- Continuous miner, — It is interesting to
100 ™\ ] note that although the aver-
age noise |evels between
different machine types are
Roofbolter quite large (88 dBA for the
7 : - coal drill to 119 dBA for
Z S _ the stoper), the variations
in the emtted noise |evels
for a particular machine
type are relatively smal
(averaging about +3 dBA).
This inplies that the noise
em ssion for a given machine
type is, to a first approx-
imation, independent of the
manufacturer's brand and
operating conditions encoun-

NOISE LEVEL , dBA
(1}
n
4
v

90

85 ffl;TQﬁ\\

Coal drill tered during the survey.
Operating Mde Versus
Noi se Leve
80 R ST I S S | -
0 40 80 120 160 200 An estimtion of the
CPERATING TIME, nmin noi se level and operating

. . . , time for all nodes of opera-
FIGRE 3. - Typical variations in noise evel and operat- tion for each machine type

ing times for underground face equipnent o< also made during this
surveyed (mejor operating node). survey. The averages of
these results are shown in
figures 4 through 10. In
the figures, the right hand vertical axis defines the average accunul ated
NEI, while the horizontal axis gives the average operating tine in mnutes.
Each operating node is specified in ternms of average noise |level and operating
time by the corresponding rectangular blocks. The nunber imediately below
the operating node title gives the percentage of the total work cycle that is
spent in that particular node of operation.

The NEI for any part of the work cycle can be obtained fromthe figures
by using the plotted NEI curve and the corresponding NEI axis. This NEI curve
represents the reading that would be accunulated by a dosineter installed
on the nachine operator. The slope of the NEI curve Rives the rate of NE
accunul ation as a function of operating node; that is, the steeper the slope the
hi gher the rate of NEI accunul ation.
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It should be noted that the data given in figures 4 through 10 are aver-
age values of noise levels and operating tines. Therefore, it follows that
the indicated NEI values, which are calculated from the noise |evels and
operating times, are thenselves average values. Thus, for the given NEl value
50 percent of the machine population surveyed have NEI values in excess of
this average, while 50 percent have NEl values less than the given average
val ue.

As an exanple of the usefulness of these graphs, consider figure 7 which
defines the operating nodes for the |oading machine work cycle. Here the
following information can be obtained:

1. The average loader trams for 73 mnutes, or 33 percent of the work
cycle, producing a noise level of 92 dBA

2. The average |oader |oads coal for 97 mnutes, or 45 percent of the
work cycle, emtting a noise level of 97 dBA

3. The average |oader operates in the clean-up node for 47 mnutes,or
22 percent of the work cycle, producing a noise level of 99 dB4.

4. The accumul ated NEI for the entire work cycle is 1.05. The tram node
contributes 0.20 while the load and clean-up modes contribute 0.50 and 0.35
respectively, to the total NEl.

5. The NEI rate of accnulation for the average |oader is maxinumin
the clean-up node, about 0.7 percent NEI per nminute of operation. The NE
rate for the tram node is 0.3 percent NEI per mnute of operation while for
the load node it is 0.5 percent NEI per mnute of operation.

Changes in the Noise Environnment Since 1970

The first conprehensive noise survey conducted in underground coal mnes
was done shortly after the passage of the Federal Coal Mne Health and Safety
Act of 1969. The results of this survey were reported in a Bureau of M nes
publication (3).
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A conparison of the results obtained in the 1970 survey and the results
of the present survey is shown in table 10.

TABLE 10. - Conparison of data for the 1970 and the present surveys

| Sanple size [ Average  noise
Machi ne type 1 Qperating mode | evel

1970 | present 1970 | Present
survey survey survey survey

Continuous mner........ 17 33 Tram.............. 88 87.3
Cut only.......... - 95.1

Load only......... - 94.2

Cut and load...... 97 97.2

Loading machine......... 8 18 Tram.............. 90 91.7
Load.............. 99 96. 7

Cean-up.......... - 99.3

Shuttle car............. 8 47 Tram.............. 87 86. 6
Load.............. 93 89.7

Unload............ 88 89.0

Cutting machine......... 5 17 Tram.............. 86 85.7
cut. ... 92 91.4

Sun’p .............. 96 94.9

Coal drill .............. 3 17 Tram.............. - 83.6
Drill ..ot 94 87.7

Maneuver .......... - 84.2

Rotary roof drill ....... 12 37 Tram.............. 87 85.5
Drill ..o, 95 93.2

Bolt .............. - 91.2

ldle.............. 87 85.1

Stoper.................. 9 11 Drill ...t 112 119.4
Bolt .............. 103 106. 1

ldle.............. 84 100.1

MaNtrip. . .. 58 Mantrip............ 93 92. 6

Since operating times were not reported for the 1970 survey, no conpar-
ison on an NEI basis is possible. As can be seen,the only significant changes
in noise level occur for the coal drills and the pneumatic roof drills. The
apparent decrease in noise level for the coal drills is probably attributed
to the difference in sanple size for the two studies (only three coal drills
for the 1970 and 17 for the present survey). The apparent increase in the
pneunatic roof drill noise level is not quite so easy to explain. |t may be
due to the fact that the noise emssion for this particular type of equi pment
Is strongly dependent upon operating conditions. Differences in roof hardness
operating air pressure and operator skill could drastically affect noise
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output. Except for these two drill types, there is little change in the sound
| evel s nmeasured for the different job occupations of face workers in under-
ground coal mines. The overall data reported for this survey are a good veri-
fication that the noise levels of unnodified equipnment used in underground
coal mnes have remained virtually the same since 1970

FORECAST OF FUTURE SI TUATIONS I'N UNDERGROUND COAL M NES

Hearing Loss and Noi se Standards

Since the end of Wrld War Il, intensive studies have been conducted
concerning the effects of industrial noise on hearing loss. In general, the
studi es have shown that permanent hearing |oss increases as

1. The intensity of the noise increases.
2. The time of exposure increases.
3. The rest or quiet period between noise exposures decreases.

The occupational hearing |oss syndrome follows a famliar pattern. The
i ndividual when first exposed to excessively loud noise usually incurs a
tenporary threshold shift (TTS) in hearing acuity. This hearing loss, as its
name inplies, is a tenporary loss. Recovery can occur within a short tine
after exposure provided that the recovery environment is suitably quiet
(l'ess than 80 dBA). Over many years of accumul ated exposure, where the
subject has repeatedly experienced the noise exposure-recovery phenonena, the
degree of recovery becomes less and less. At this stage, froma pathol ogica
point of view, deterioration of the sensory receptors in the inner ear has
occurred.  This nerve (hair cell) damage is irreversible, producing a perma-
nent threshold shift (PTS) or hearing loss which is nonrecoverable. The
subjecr FAII thus experience this hearing inpairment for the rest of his
natural life.

In an effort to protect the hearing of industrial workers, several noise
standards have been proposed. Al of themdefine two paraneters: the maxi num
perm ssible noise level for an 8-hour exposure and a tine-intensity trade-off
factor. The time intensity trade-off factor specifies the relationship
bet ween noi se |evel, exposure time and nunber of quiet periods between noise
exposures. It is usually defined in terns of the allowable increase in noise
| evel (dBA) for each halving of exposure time. For exanple, the present noise
standard used by MESA pernits exposure to a noise level of 90 dBA for an 8-
hour work day. For each 5 dBA increase in the noise level, the permtted tine
of exposure is halved (table 1). This standard can thus be referred to as
having a 90 dBA maxi num pernmi ssible |evel for 8-hour exposure with a 5 dB
tine-intensity trade-off. For brevity, it is called a "90/5" standard.

Recently, in the December 18, 1974, Federal Register, the Environnenta
Protection Agency (EPA) recommended that the present noise standards shoul d
be reduced to a maxinmum sound |evel of 85 dBA for an 8-hour exposure period.
Additional |y, the EPA stated that the tinme-intensity trade-off value should
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be reduced from5 to 3 dB. The EPA feels that these changes are necessary
because the present 90/5 standard is not sufficient to protect industria
workers from a noise induced PTS of no nore than 5 dB at 4,000 Hz after 40
years of exposure. Qther experts, at variance with EPA state that the risk
of hearing inpairnent under the current 90/5 1s minimal. Their studies
indicate that this hearing inpairnent risk is linted to the nost sensitive
2 peran; of the working population when exposed to a 90 dBA level for 30
years (2).

Because of this present controversy, changes in the current noise stan-
dards may occur in the very near future. A projection of the effect that
revisions in the noise standard would have on the underground coal m ning
industry is presented in the follow ng section.

Effect of Adopting New Noi se Standards

Using the noise data collected during this study, the effect, in terns
of conpliance, will be considered for three possible revisions of the present
noi se standard. For the sake of brevity, a shorthand notation is used when
referring to the three possible revisions. This notation and the standard
revision it refers to is as follows:

90/3--90 dBA maxi mum pernmissible level for 8-hour exposure with a 3 dB
time-intensity trade-off.

85/ 5--85 dBA maxi mum permissible |evel for 8-hour exposure with a 5 dB
time-intensity trade-off.

85/ 3--85 dBA nmaxi mum pernissible |evel for 8-hour exposure with a 3 dB
time-intensity trade-off.

The data in table 6, specifically the average dBA levels and operating
times, were used to calculate the total noise exposure index, according to
equations 2 and 3,* for the present standard and the three possible varia-
tions for all face equipnment surveyed. These results are shown in table 11.
As can be seen, under the present standard (9015) only the stoper and |oading
machine operators are overexposed. The continuous miner operator with an
NEl of 0.84 is in the susceptible range. It is interesting to note that
under the present standard, the stoper operator is 18 times overexposed. As
stated before, the pneumatic stoper is indeed the worst noise offender in
underground coal mines. For the 90/3 standard, the equipnent which initially
has high NEI values will increase substantially; whereas the equipment with
low NEI's will hardly increase at all. Table 12 gives the pernmitted tine of
exposure for specific noise levels under the 90 dBA for 8-hour exposure with
a 3 dB tinme-intensity trade-off val ue.

" Equation 3 will be nodified for each revision; these wll be discussed in
appendi x B.
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Machi ne type 90/ 5 90/ 3 85/ 5 85/ 3

standard [ standard |standard | standard
Stoper ...... T 17.96 261.70 35.93 832. 65
Continuous mner.............coovnnn. 0. 84 1.55 1.85 5.11
Loading machine....................... 1.06 2.02 2.12 6. 40
Rotary roof drill ..................... 0.32 0.42 0.80 1.50
Cutting machine....................... 0.37 0. 46 0.87 1.57
Shuttle car................... ... ..., 0.00 0.00 0. 66 0.90
Coal drill .. ... ... .. . . 0.00 0.00 0.14 0.18
Longwal | shear ........................ 0.00 0.00 0.69 1.05
MANEFID . 0.09 0.12 0.19 0.37

TABLE 12. - 90 dBA for 8 hours with a 3

dB

tine-intensity

trade-of f

Tine permtted

Noi se |evel (dBA) per day (mn)

Noi se | evel (dBA)

90 480.0
91 381.0
92 302. 4
93 240.0
94 190.5
95 151.2
96 120.0
97 95.2
98 75.6
99 60.0
100 47.6
101 37.8
102 30.0

Wien the maxi mum permissible |eve

values are predicted to double. By conparing the values under the 90/5 and

103
104
105
106
107
108
109
110
111
112
113
114
115

Time pernitted

per day

(m n)

23.
18.
15.
11.

PENDWWE o N

CTCRPOONOUTN ©O WO

for the 8-hour exposure is reduced
from90 to 85 dBA (keeping the trade-off value constant at 5 dB), the NHL

85/5 colums in table 11, it can be seen that the NEI values for the stoper
| oadi ng machine, and the mantrip do increase by a factor of two. The NEI's

for the remaining equipment increase an additional

amount over doubling.

The reason for this 1s that under the 90/5 standard any noise levels |ess than

90 dBA are not included when the total NEI is conputed. However, under the

85/5 standard the previously ignored levels are now included and account

for the additional increase in NEl val ues.

This change would result in the

continuous mner and the |oading machine being definitely out of conpliance.
The rotary roof drill and the cutting machine would now have NEI values in
the susceptible range. Table 13 gives the permitted exposure times under

the 85 dBA maxi mum permissible |level for 8-hour exposure with a 5 dB tine-

intensity trade-off value.
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TABLE 13. - 85 dBA for 8 hours with a 5 dB time-intensity trade-off

Time pernitted Time pernitted
Noi se | evel (dBA) per day (min) Noise |evel (dBA) per day (nin)
85 480.0 101 52.3
86 417.9 102 45.5
87 363. 8 103 39.6
88 316.7 104 34.5
89 275.7 105 30.0
90 240.0 106 26.1
91 208.9 107 22.7
92 181.9 108 19.8
93 158. 3 109 17.2
94 137.8 110 15.0
95 120.0 111 13.1
96 104.5 112 11.4
97 90.9 113 9.9
98 79.2 114 8.6
99 68.9 115 7.5
100 60.0

Finally, when both changes are applied to the present standard, the
resultant NEI values increase quite dramatically and the situation becomes
very critical. Table 14 gives the permtted exposure tines under the 85
dBA maxi num perm ssible level for 8-hour exposure with a 3 dB tine-intensity
trade-off value. Only the mantrip and the coal drill will have no trouble
staying in conpliance with the 85/ 3 standard. The index for the shuttle car
s nowin the susceptible range. A nere 15 percent (31 ninutes) increase in
the overal |l operating time will result in an NEI value of 1.05 (nonconpli-
ante) for the shuttle car operator. The remining equi pnent types have
resultant NEI's which are also out of conpliance and wll present formdable
problems for the required noise control.

TABLE 14. - 85 dBA for 8 hours with a 3 dB time-intensity trade-off

Time permtted Time permtted
Noi se | evel (dBA) per _day (mn) Noise |evel (dBA) per _day (mn)
85 480.0 101 11.9
86 381.0 102 9.4
87 302. 4 103 7.5
88 240.0 104 6.0
89 190.5 105 4.7
90 151.2 106 3.8
91 120.0 107 3.0
92 95. 2 108 2.4
93 75. 6 109 1.9
94 60.0 110 1.5
95 47.6 111 1.2
96 37.8 112 0.9
97 30.0 113 0.7
98 23.8 114 0.6
99 18.9 115 0.5
100 15.0
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DI SCUSSI ON' OF RESULTS

Referring to table 8, there were 778 face workers involved in this study.
Under the 85/3 standard, the coal drill operator would be in conpliance and
the shuttle car operator would be in the susceptible range. Excluding the
coal drill and shuttle car operators, the remaining occupations, which tota
64 percent of all face enpl oyees, would be out of conpliance. Assum ng the
operating times of the shuttle car operators would increase 15 percent, which
is a likely possibility, then overexposure would result. If 50 percent of the
shuttle car operators would be involved in this increase in time, then a tota
of 79 percent of the face enployees would be overexposed.

The inplications of the resulting data are overwhel mng. Four out of
every five face enployees would be in violation of the Noise Standard if
the proposed 85/3 standard should be inplenented.

Qobviously, the equipment manufacturers are the key to keeping the equip-
ment oFerators in conpliance. Redesigned mning equipnment, which will produce
| ower levels of noise, is needed. Since an average of 4 to 5 years is needed
to conplete (from conception to production) a major redesign of mning equip-
nent, the manufacturers should be addressing the noise problens produced by
their equipment now. Unfortunately, at the present time, there are no regul a-
tions for equipnment manufacturers to follow in designing products for noise
conpliance. Communications with several manufacturing firns has reveal ed that
until such regulations are passed the manufacturers, not being sure of what
permssible noise levels will be required, are not initiating redesign
progr ans.

This is indeed a difficult situation since numerous noise sources on
mning equi pment could be elimnated by redesign or incorporation of standard
noi se control techniques. After the equipment is in the field, retrofitting
I's both time-consuming and costly due to machine downtine. The nost | ogica
place to apply noise control neasures is in the plant during fabrication.
Since the Noise Standard is here to stay and the coal mne owner and operator
are required to address the conpliance problem the equipment manufacturers
nust start producing quieter equipnent.

In the interim it nust be realized by both management and union enploy-
ees of the operating coal mnes that noise control of underground m ning
equi pment is a necessity. Noise reduction can be achieved eventually by
retrofitting existing equipnent, but a nore permanent solution would be for
| abor and management to begin demanding that equipnment manufacturers produce
quieter products. Until these quieter products are produced, nodifications
to present-equipment will be the only neans to attenuate the noise. Mnage-
nment and union personnel should cooperate in applying and maintaining these
noi se control techniques. Although the goal of a quiet underground environ-
ment will be difficult to achieve, these noise problens can be controlled if
everyone works together.
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Cccupation Job code | Sanple
nunber si ze
SECTI ON WORKERS ( FACE)
Bel t/CONVeYOr MBN. ...t 001 31
Bl eCtriCian. ..o 002 45
Electrician helper...... ..o, 003 2
MBChani C. ... 004 109
Mechanic helper . ... ... 005 9
ROCK dUSter ..o 006 15
Shot firer/shooter ... ..o 007 28
Stopping builder ... 008 6
SUPPLY MBN. .o 009 2
B0 A 11 010 41
W BIMBN . o 011 1
Laborer ... 016 11
Bratti CoMBN . . oottt 032 28
Coal drill operator ..........ccooiiiiiiiiiiiiiniiiinn.. 034 39
Continuous mner helper .........ooooviiiiiiiiiiiiL 035 74
Continuous mner Operator .............vviviiiinnnnennnnns 036 93
Cutting machine operator ..............oooiiiiiiiiiii, 038 32
Jacksetter/longwal | ...... ... i 041 36
Loading machine helper.......... ... o i 042 31
Loading machine operator .............cooviiiiiiiiiii.., 043 39
Longwal | shear/plow operator ...........oooviiiiiiiiiiinnn, 044 7
ROOf DOl ter « e 046 194
Roof bolter mounted...........ccoiiiiiiii 048 28
SECtion fOremMaN. ..o 049 116
Shuttle car operator ....... .. ... . i 050 243
Stall driver ..o 051 1
Tail gate operator .............ouuiiiiiiiiiii, 052 3
LT LTty MAN. .o 053 63
Bri OB - v 055 5
UNDERGROUND _( NONFACE)
Belt/conveyor MBN........ ... 101 71
Bl eCtriCian - oot 102 20
Electrician hel 41 103 5
MBChAN € oo 104 39
Mechanic helper ..... ... 105 24
ROCK dUSter ... 106 1
Stopping builder.........oo i 108 16
SUPPLY MBN. .. 109 29
TN MBN « e 110 5
WL BB . e 111 10
Belt wvulcanizer...........cco i 112 1
[ 1 Y 116 216
ROOMAN . . . 117 3
O L er/greaser ... 118 4
Bl el o 119 3
Coal dump OPErator ......ovviieit e 122 7
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Cccupation Job code | Sanple
nunber si ze
UNDERGROUND _ ( NONFACE) - - Cont i nued
TranSit BN ©« v v r vt e s e e 123 1
Nonface mner operator ..........ooovvriiiiiiiiii . 136 1
Nonface |oading machine operator -..........cooovviiiiiis, 143 1
Labor foreman......... ..o 149 5
Nonface tractor Operator .............oooooiiiiioiiiiio..n. 150 2
Belt Cleaner .. ... 154 13
Chal NITBIN =+« r v v et e e e e e 155 1
DFi | ] B v e vt 156 2
Pun'per .................................................... 157 8
ROCK IMBCHI NE ORI AL OF ¢+« « v e ettt aa ettt ettt it e e e v e e 158 15
- UNDE| ND__ TRANSPORTATI ON _( NONFACE) -
Belt/conveyor man.«. .. .. .. ..o 201 b
Trackman................. 216 29
CaQEE: 220 1
Brakeman/rope rider . . oo , 262 29
DiSpat Cher e oo . 265 13
MOL I B e . 269 122
ABOVE _GROUND
CONVEYOr  OPEI AL OF « v v v ve et et et a e e s 301 1
==Y LI Y2 I PP 302 35
Electrician helper .......coooiiii i 303 2
VBCNANT C v v v vttt 304 79
Mechanic helper ... ..o 305 4
VRS OM « v v vttt e e e 308 1
SUPPLY MBI -« e e 309 13
AeAN-UP MAN . vttt 313 2
Coal  SANMPIBr « vt 314 2
LA O B oottt 316 23
ROGIMAN « + o vt ettt 317 2
O - =T Y - 318 3
Shop welder ... 319 19
HOi St OPEIator - vvve e 321 10
Coal dump Operator .........o.ovuiiiiiiiiii i 322 8
TEANSIt BN . ettt et e e e 323 1
Shuttle car Operator ..........coovviieiiiiiiiiiiineen ., 350 1
Rock drill operator ..........ccoiiiiiioiiiiiiiiiinneen ., 356 1
S0P BN - oottt 360 50
Brakeman . ... 362 1
Bul | dozer operator ...........oouiiiiiiiiiii i 368 16
Barge attendant .............ccoiiiiiiiiiii i 372 8
Cal A OPPEE v v vttt 373 40
Ceaning plant operator ............c.ooiiiiiiiiiin.. 374 18
Road grader -Operator ..............eeeiieennniiiinnnennn. 375 2
Coal truck driver ..... ..o 376 10
Crane/dragline operator ...........oooiiiiiiiinninnn... 378 4
DEYEI  OPEI AL OF « ottt ettt et e e 379 1
Fine coal plant operator .............. .. ciiiiiiiiiinn... 380 5
Highlift operator ....... ..., 382 T
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Qccupation Job code | Sanple
nunber size
ABOVE CGROUND- - Cont i nued
Lanmpman. .. ... ... 385 11
Refuse truck driver . ... ... ... ... ... ... ... ... ... .. . .. ... .. 386 11
Scal per screen operator ............. ...t 388 4
Stripping shovel operator........... ... ... . ... ...... 391 1
Tipple operator . ...... ... e 392 12
CarPEeNter . . . . 394 11
SUPERVI SORY AND _STAFF
Master el ectrician. .. ... ... .. . . .. 402 11
Master MeChaniC............. .. ., 404 )
DUSt sampl er ... o 414 4
Maintenance fOremBn. . ......... ... 418 14
SUP VY OF e 423 2
Assistant mine foreman........ ... ... ... .. . .. ... 430 25
Mne foreman. ... ... 449 16
Engineer ... 456 5
Fire DOSS ... 462 14
I NSPECE OF L e e 464 4
Superintendent ... 481 7
Qutside foreman.......... ... ..o 489 15
Preparation plant foreman................................. 494 7
Safety director . ... ... . 495 2
Timekeeper/clerk ... ... 497 10
Nonclassified Men..............couiiiiiiiiiiino...
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APPENDI X B

To determine an enployee's Noise Exposure Index under the present stan-
dard, equation 3 (page 9) is used. For each nodification to the standard,
the NEI equation wll change. The equation which will be used to conpute
the NEl for the 90/3 standard is:

L-105

c 3

=S x 2
NET = T35 X

The equation which will be used to conpute the NEI for the 85/5 standard is:
L-110

c
NEI = =
15x2

And finally, the equation which will be used to conpute the NEI for the
85/3 standard is:

L-100
3
NI =S x 2
15




