Information Circular 9056

Quartz Dust Sources During Overburden
Drilling at Surface Coal Mines

By S. D. Maksimovic a S. J. Page

UNITED STATES DEPARTMENT OF THE INTERIOR
Donald'.Ppul Hode), Secretary

'BUR_EA OF MINES
Robert C. Horton, Director



CONTENTS
Page

Abﬂtl'act...ovo.-votvoo--—-on_o-oo--.-._----A.ooooooyv---r--v‘o-oc-o-n-u-o.._.uoo-n--
Introaﬁctfqn......;...,...s.,.....-............-....,..,.......o...d.-....;....
Procedure-oO,D'o-oop-.no.-'oo.o.oo-.no.-.-...'-o...--...p.....-.-oo-........-.....--
" Gravimetric results and dIBCUSEION.ctcecsvessvooroscoscccorssaonsoscnorsssscnne
RAH-I reaults.oov---o-.-o-“.o.o- ----- l!l..d.o.-tvvuo--..cou;n..-ol--n..hlvc.'l

Co‘nclusionﬂo..-‘.-----..--...o...-.....-a-..-.------..‘.--...n.-....-.--....-....

WU W N -

ILLUSTRATIONS

NNy

1. Slmpling artangenent for LeBtBroronessesssrovesoncsansasssnansasassssssonves
2, Typical dust emissions from drill collector dump eycle..scessveocvosrconaes

- TABLES

1. Gravimetric concentrations of respirable dust from dust sources...sececeoe..
2. Respirable quartz concentrations from dust SOUrCES..ceeersvvcconvonnasssoss
3. Gravimetric concentrations of respirable dust at drill operatofesecvecesseces
4, RAM~]} data for collector dump cycle BamPliBg..c.scccesescovevacveceranssias
3. RAM-1 data. for 'drill shroud and stem sampling..c.eceeseasecsccosssenvencncns
6. RAM-1 data for evenr Bampling.......ccceeceovesovronsrsocsenrsacsrsassoncansns

NoOvownmn



fe

mg/m>

UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPORT

foét
hour
milligram

milligram per cubic meter

min minute

amn miilime ter
pct percent

s second




QUARTZ DUST SOURCES DURING OVERBURDEN DRILLING
AT.SURFACE-COAL‘MMES

By S. D. Maksimovic ' and §. J. Page 2

ABSTRACT

The Bureau of Mines identified and evaluated major sources of guartz
dust during overburden drilling at a surface coal mine. The relative
contribution of each source to the total dust hazard was estimated, us-
ing persomal gravimetric and imstantaneous dust—sampling devices. No
attempt was made to determine actual dust generation rates. )

The major sources of dust at the drill rig during dry drilling opera— .

tions.were the collector dump, drill shroud-leakage, and drill stem seal.

leakage. These sources contributed 90 pet of the respirable dust and
89 pcr of the respirable quartz dust geénérated during drilling. - The
c¢ollector dump cycle (21.6 pct oF total drilliog time) accounted for

.38 pct of the respirable dust and 4]l pct of the respirable quarxtz dust,

with peak dust concentrations reaching 68 mg/m>. Shroud and drill stem
leakage contributed 28 and 24 pct of the regpirable dust and 32 and 16
pct of the respirable quartz dust, respectively. A dragline and 6econd
drill rig contributed the remaining 10 pct of dust and 11 pect of quartz

dust. .
-Gravimetric dust samples collected inside the drill cab and outside,

near the cab door, averaged 1.65 and 1.43 mg/m>, respectively, with
6 pct respirable quartz. :

TMini ng engineer.
2Physicist.
- Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA.



INTRODUCTION

The U.5. Mine Safety and Health Admini~
stration (MSHA) regulations require that
respirable dust exposures do not exceed

2.0 mg/m3 in surface coal mine operations
where the respirable quartz content of
the dust is 5 pct or less. If the respi-
rable quartz content of the dust 1e
greater than 5 pet, the amount of allow-
able dust 18 reduced and is calculated by
the formula
10 mg/m3
pct ‘quartz

Complying with reduced-dust standards due
to a quartz content in excess of 5 pct is
a significant problem 4in surface mining,
As of - July 1984, there were more than
550 designated work  poditions (DWP's)
on reduced-dust gdtandards. The average
standard for these surface operationa was
0 8 mg/m3, .

. -According to MSHA data, the occupations
with . the greatest exposure to ‘quartz
.are, in order of severity, (1) highwall
driller, (2) dctll helper, (3) truck
driver, and (4) bulldozer operator.

. recelve
- since they are

The highwall driller "and drill helper
the greatest quartz exposure
concerned only with over—
burden removal. Drilling through various
rock formatrions naturally presents a
strong potential for quartz dust genera-
tion; this 18 substantiated by the fact
that many drills are on reduced standards
ranging from 0.l to 0.5 mg/m3., To date,
no research has been performed that quan-
tifies and ranks the sources of quartz
dust and how they affect the respirable
dust exposure of the above-mentioned
occupations,

The objective of this
identify and investigate the - respira-
ble quartgz dust sources and to estl-
mate the respirable dust levels . in the
vicinity of these sources: during the
drilling of overburden material at sur-
face coal mine operations. Inasmuch as’
dust generation rates were not. deter-
wmined, the study was semi-quantitative 1n
nature..

study was to

PROCEDURE

The overburden wmaterials in the mine
area selected for study counsisted of al-
luvial material, which includes brown,
gray, and dark shale, clay, limestone,
and sandstone. The thickness of the al-
luvial material rxanged from 4 to 8 ft,
and the toral overburden from 64 to 117
ft, The depth of the holes drilled dur-
ing the field studies ranged from 25 to
100 ft, Hole diameter was 6-3/4 in.

Approved personal gravimetric sampling
devices with 10-mm nylon cyclones were
operated during the work shift for 2 to 6

-h (determined by drill operating time) at
dust sources and around the drill rig.
In general, a package of three samplers
‘'waa located at each sampling point, and

five to seven sampling points -were used
daily (£1g. 1). Cravimetric sapplers
were located inside the drill cab, near

zhe ¢ab door, between the drill rig and
ragline, between the drill rige when a
second rig was 1ia operation, and at the

collector discharge, drill stem, and
drill shroud locatione. The drill shroud
location was the ground-shroud seam, and
the drill stem location was on top of the
drill platform. Multiple samplers were

used at each sampling location to ohrain
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a more reliable estimate of the dust con
centrations.  In addition, the samplers
were repositioned ‘as necessary’ to mini-
mize the effects of local wind shifts and
eddy eurrents around the drill.
Respirable dust filters were preweighed
and postweighed using standard proce-
dures, and each package of three samplers

was averaged to improve the measure—
ments. Fox each package of three fil-
ters, any filter with a -significantly’

higher mass was excluded from the calcu-
lation if Coulter counter analysis showed
a significant amount of non-respirable—
sized dust. One filter of sufficient
mass (>0.2 mg) was chosen from each pack-
age for quartz analysis by the standard
P-7 method. :

Bulk sdmples of cutting material from
‘around each drill hole and from the col-
leetor dump were collected :and analyzed
for quartz -by X-ray diffraction. . The
drill-hole cuttings were sanpled by tak-
ing a random scoop of material from each
-hole petiphery. ‘For each week of test-
ing- in December - and February, the ran—
dom scoops were combined into omne gross

. dust
‘events of the drilling operation.

‘mometer was
. tion and yelocity, .

éample. In April amnd June, the random
scoops were combined daily to give one
gross sample for each day.of testing.

Bulk samplea from the collector dump were
treated in the same manner. The sole
purpose of collecting bulk samples was to
obtain a rough estimate of the quartz
content of the overburden. Therefore,
specific techniques for obtaining repre—
sentative bulk samples were not used.
Instantaneous dust concentrations were
also continuously ' recorded using RAM~13
dust monitors and data loggers. These
data, alchough not directly comparable
with the gravimetric data, are valuable

_ for analyzing specific occurrences that

period to
The RAM-1
duration,
and average
specific

happen in too short a time
be measured gravimetrically.
data were analyzed for time
maximum dust concentrations,
concentrations' during

During sampling, a recording wind éne-
uséd to measure wind direc-
in order to maintain

‘locations during the

proper sampling
tests.

GRAVIMETRIC RESULIS AND DISCUSSION

The collected gravimetric samples indi-
cate that the drill rig used at the sur-
face coal mine sire has three major
sources of dust during the dry drill-
ing operations. Time-weighted averages

.(TWA's) of the analyses 1ndicate that
these are the collector dump (fig. 2),
the drill shroud, and the drill stem.

Combined, they contributed 90 pct of the
total respirable dust and 89 pct of the
_respirable quartz dust measured during
the 17-day sampling period.

Table 1 shows the gravimetric concen—
tration of respirat : dust for the vari-
ous sources, Table 2 shéws the respi-
rable quartz concentrations. Although
these ' tables show percentage contribu-
tions that total approximately 90 pct,
the indlvidual contributions may not be
nmmerically correct. ‘The reason for this
i8 tbat during dampling under conditions
with frequent wind direction sbifts it 1s
virtually ' impossible to prevent some

“overlap”™ between sampling locations;
f.e., each sampling location will measure
some amount of dust from sources other
than the one it ias attempting to measure.
Also, the amount of overlap cannot be re-
1iably estimated. However, it is reason-
able to state that the majority of dust

sampled at any given location 18 due to
. the source that those sgamplers are at~
tempting to measure. Therefore, the rel-

ative ranking of the collector dump,
drill shroud, and drill stem dust sources
is in order. Each source contribution
was calculated from the ratio of the TWA
for that source and the TWA sum.

Two other walpor dust sources contrib-
uted only 10 pct of total respirable dust
and 11 pet of total quertz dust. These
were a dtagline located between 200 and

3reference to specific products does
not imply endorsement by the Bureau of

"Mines.






TABLE 2. - Respirable quartz concentratious from dust sources

Source : Respir-“'~ *ust, mg/m’ , - Contribution
. [Dec. 1983 | Feb. 19~ | my.. 1984 | June 1984 | TWA | to total, pct'!
Collector dumping.. 0.25 0.22 0.81 1.10 0.72 - 41
Drill shtouda..---o -28 -42 175 .95 u57 32
Prill SCeme.ssnorns .35 . .11 .30 .40 .29 16
' Totaln-o--.»oasooo---,.on;l-oo..ro-onncn-c--0o¢ooo-ro.-¢-oo-----o 89
Second drill rigo-- . 038 506 '02 .).6 017 . 10 to
Dragline.,.'..-..... ND .02 ND .01 .02 1
ToLalessasooses|ooncsnsccnsloveoenacawecfoosasancanelsonvnsonssalnoess 11

ND Not determined,

'Corrected for background dust from draglinme,

TABLE 3. - Grnvihettic concentrations of res)

rable dust at dril) operator

_ ‘ . Respirable-dust, ! mg °* __| Respirable quartz

Location Dec. 1983 f Feb; 1984 | Apr. 1984 | June 1984 | inA contribution to

- 1 : ) total dust, pct
inside the cab.. !l .0,55 ‘3.45 1.96 0.66 1.65 . 6
.Néar the cab.... .07 2,94 1.52 A8 1.43 ) 5

IConcenfrations are not MRE equivalents.

..-Since the cab door of the monitored
"“drill rig was usually open during the
sampling period, alwost the Bame amount
of respirable dust and quartz dust was
neasured inside and outside the cab, If
the cab door were closed, there would .be
less dust inside the cab.
le average quartz content . of all air—
borpe respirable dust samples was -7 pct.

RAM~1

Table 4 summarizes the data obtained
from sampling in the 1immediate vicinity
of the collector dump point during four
tests. The collector released dust dur-
ing the sampling cycle, which occurred
21.6 pct of the time during sampling.
The maximum values liated are the values
measured during the collector dump cycle,
which ranged from 16.0 to 68 mg/m3. The
peak duration averages ranged from 4.4 to
25.1 pg/m3, and the cumularive test aver-
.ages ranged from- 2.2 to 4.2 mg/m3. How-
.ever, data logger .sca. 1g limits in test
"4 ‘restricted the measurable concentration
to 25.5 mg/m>. As a result of the
nificant number of truncated peaks, it 1s
suspected that the data for test 4 may be
significantly underestimated.

‘of the

sig— "~

In comparison, the average quartz content
collector dump material was 21
pet, and the average quartz content ‘of
the drill-cutting material around the
dri1ll hole was 18 pct.

There were 1nsufficient data to deter-
mine 1f weather or seasonal changes in-
fluenced thé 8t levels measured.

RESULTS

Results of RAM-]l sampling at the drill
shroud and drill stem locations are pre-
sented in table 5 and show that maximum
values ranged from 24.4 to 98 mg/m3. ‘Im

addition, the number of pe¢ 8 greater
than 10, 20, - and 40 mg/m> are liated to
show how severe the magnitudes and num-

bers of peaks are during short time peri-
ods. Cumulative test averages ranged
from 3.2 mg/m> to greater than 7.4 mg/m3.
Both shroud and drill stem sampling loca-
tions represent leakage from the shroud.
Analysis of the drill stem test in table
5 showed that changing or pulling drill’
rods accounted for 49 pctr of the dust
from that source; 40 pct:of the dust was
due to emissions during ‘actual drxilling;
and the remainipog 11 pct was due to dust



~ RAM~1 data for collector dunp cycle sampling

TABLE 4.
. ) . Peak “--ration Peak concentration, Cumulative
Peak' Time, min:s ) pct of cumu— qglg} test av,?
) lative time | Mar —1lue| Duration av .mg/m3

Test 1: ]

" Lleecascsssascsnscrss 1:24 1.7 18.6 7.9 )
2eorrocovescssannonve 2:48 3.4 19.2 4.6
3-....-.0-.-.»----.' 2:12 2-7 22-5 6-6
besivevebosssananssne 4:24 5.3 20.2 5.5
Seenreessonnasenoane| . 1:48 2.2 15.4 AV PO
G.srrccrrencssnsonne 1:48 2.2 21.9 6.5
Jaosecossonrosasness 2:48 3.4 20.8 7.1
Beveooarrecnroorsnns 5:24 6.6 16.0 5.3 J

Total or average. 22:36 : 75 19.3 6.0 2.2

Test 2: : L-=..-—=—_———-__.=r:= —— — 3
1----.0....-7[&‘.--.-. 1:36 5-0 20;9 4.9
2eiceciosnarssensnsne 4:24 13.8 >25.5 >6,0 } NAp
3...-.-.-0..----.--- 1324 4-4 18.0 6.0

. Total or average. 7:264 . "2 21.5 5.6 . 3.6

Test 3: : = — e
S e e £3 1) 4.3 18.0 6.1
2eiacssasscoresonnss .- 240 2.5 37.0 17.4

5 T 1:10 4.3 68.0 - 25.1 f'- Nap.
4.'.."'-‘.‘..0'......OJDI'. 2:10 B-o 28—0 9.9

Total -or average. 5:10 1941 37.7 14.6 - 4.2

Test 4: - —

" laceseeevescascnaces . 2:00 3.3 . >25.5 >13.6 ]
2ecvvpssacncsronanes '2:40 4,4 >25.5 >15.0
3.-..---’---'vo’voohno 1:50 3.0 >25-5 >10-7 y
beveerocssnnssonanne 1:50 3.0 >25.5 >13.4 > Nap
5---.-0.....---.---. 1:00 ’ 1.6 23.9 11.0 "
Gecrrncesoscosrocnna :50 1.4 >25.5 >15.9 )

Total or average. 10:10 16.7 >25.2 >13.3 |  >3.6:

~ NAp Not applicable.

'A peak 1s .defined as any interval

nificantly above the background concentration,

in which the dust concentration increases sig-

beginning when the dust concentration

starts to increase above the instantaneous background concentration and ending when

the concentration decreases to the iustantaneous background concentration.

Awerage of peaks and background.

TABLE 5. ~ RAM-1 data for drill shroud apnd stem sampling
Sampling Test dura— | Max value, *imber of peaks Cumulative test
location | tion, min mg/m3 >10 mg/m- | >20 mg/m> | >40 mg/m3] av,’' wg/m3
Drill shroud 32 >25.5 12 7 ND 23.4
32 >25.5 29 21 -~ ND >6.8
" 18 >25,5 | 7 3 ND >3.2
32 " 2>25,5 ¢ 20 8- ND >4.8
27 298.0 ND 9 5 7.0
40 - 24,4 5 3 0 3.2
: .22 >25.5 6 3 ND >4,17
n-+11 stem.. 101 >25.5 36 28 .ND 2>7.4

Ny

Not determined.

TAverage of peaks and background.

2Dapa loggex scale limit changed from 25.5 to 255 mg/m>.



- TABLE 6.

~ RAM-1 data for event sampling
. Event Duration, | Max value, | Event cumulative
. min mg/m3 av, mg/m>

Shroud bottom ses. urokense... NAp 21.3 9.7

Shroud bottom sealed...cv.ons.. NAp .6 -3

Shroud bottom seal broken..... NAp >25.5 >7.0

Shroud bottom sealed......e.»» NAp 8,2 3.6

Shovel cuttingS.eesecversoness 0.75 8.9 . 5.6

: .63 18.4 11.3

3,00 25.0 15.7

+40 >25.5 >9.3

.50 15.7 4.7

.70 19.0 12,1

1.20 >25.5 >23.3

Work on co0llector.cesceesssosa NAp 18.6 7.9
NAp Not applicable.

from the collector dump,' shroud, and a of 97 pct and greater than 49 pct when

was sealed. Shoveling

second drill rig reaching nhe drill stem
sampler. -

Dust” levels associated with speclfic
.events during  the drilling operation
‘are presented in table 6. Comparison of
event ' cumulative ' averages for when the
shroud bottom .was sealed and not sealed
(drill raised up)v show . dust reductions

the shroud bottom
drill cuttings by the drill helper re-
.sulted in an average dust concentration
.of greater than 11.7 mg/m3, and mainte-

" nance work (changing filters) on the col—

lector resulted dip an average concentra*
tion of 7.9 ng/n

CONCLUSIONS

1. The collector dump, drill shroud
leakage, and drill stem seal leskage may
account for up to 90 pet of the respira-
ble dust and 89 pct of the respirable
quartz generated during drilling,

2. The collector ‘dump cycle 1s an in-

3. Shroud leakage can account for 28
pct of the dust, with peak concentrations
reaching 98 mg/m3.

4, Short—-term dust concentrations of
greater than 11.7 and 7.9 mg/m> can be
expectéd (on the average) from shoveling
drill cuttings and from maintenance work

termittent dust
21.6 pct of the time,
for 38 pct of the dust,
coucentrations reaching 68 mglm?.

A U.S. CPO:  1985-605-017/20,127

source occurring omly
but it cap account
with peak dust

on dust collectors, respectively.

INT,-BU.OF MINES,PGH.,P4A, 28150





