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WATER INFUSION—AN EFFECTIVE AND ECONOMICAL LONGWALL DUST CONTROL

By Joseph Cervik, ! Albert Sainato, 2 and Eugene Baker 3

ABSTRACT

In Europe, water infusion is used widely to reduce generation of res-—
pirable dust during mining. 1Its use in the United States is limited to
a few plow operations in the Pocahontas No. 3 Coalbed. This Bureau of
Mines report describes the technology for infusing water into a long-
wall panel and reports the results of a recent demonstration in the
Lower Sunnyside Coalbed that achieved dust reductions averaging 58 pct.
Because water infusion increases moisture content of the coalbed, face
air velocities in excess of 500 ft/min (2.5 m/s) are possible, further
diluting dust levels before dust entrainment occurs. An economic anal-
ysis shows a 23-pct reduction in operating costs when coal production
is increased by changing from unidirectional mining to bidirectional
mining with water infusion.

TSupervisory geophysicist.,

2Mining engineering technician.

3Physical scientist.

Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA.



INTRODUCTION

The most common dust control measures
applied during 1longwall mining in the
United States are ventilation, water

spray systems, and modified cutting se-

quences. These measures address the
problems of suppressing airborne respir-
able dust. Procedures such as infusing

water (3-4)4 and optimizing machine cut-
ting parameters (12) (bit size and spac-—
ing, vane angle, and drum speed) reduce
the generation of respirable dust during
mining, but are not in widespread use.
In the United States, water infusion of
retreating longwalls from panel entries
is employed only on a few plow operations
in the deeper parts of the Pocahontas No.

3 Coalbed in southwestern Virginia (3,
12).
In Europe water infusion 1is widely

used. German mining regulations require
water infusion of all coal faces where
possible (2, 10). The German experience
indicates that a water content of at
least 1.9 gal/ton (10 L/m3) of coal is
required to suppress dust. In the north-
ern coalfields of France, the basic dust
prevention technique is water infusion,
which covers 89 pct of the coal produced
(5). 1In Belgium, water infusion for dust
suppression has been practiced for over
20 years (13). Belgian experience indi-
cates a quantity of water equivalent to 1
pct of net tonnage, or 2.4 gal/ton (13 L/
m>) of coal, reduces the respirable dust
particles produced during mining by
65 pct.

In China, the Fushun and Chong Qing
Coal Research Institutes conducted water
infusion experiments in about 10 coal-
fields between 1953 and 1974, according
to Lide Xu, Fushun Coal Research Insti-
tute. Generally, resulting dust reduc-
tions during mining ranged from 30 to 50
pct; coalbed moisture content was in-
creased from a preinfusion level of 1.0
wt pct to 2.0 wt pct after infusion.

4ynderlined numbers in
fer to items in the list
at the end of this report.

parentheses re-
of references

The predominant mining system in Europe

~is the advancing longwall, whereas in the

United States most longwalls are retreat-
ing faces. 1In the Federal Republic of
Germany, for example, 75 pct of the

longwalls are advancing faces (10). The
procedures for infusing an advancing
longwall are more complex and difficult
than those for infusing a retreating
longwall.

Figure 1 shows three European proce-

advancing longwall
where the gate roads
the face or are
distance, water

dures for infusing an
(10). 1In workings
are kept on
only a

line with

advanced short

Shallow infusion
/ = Daily advance +20in
a=(151 2.0}/
Deep hole infusion

/ =40 ft
g =(1.5 to 2.0)/

A-Face infusion

a

| L]

B |

/=(65 to 260) ft
a=(65 to 160) ft

B -Infusion from advance roads

Entry in roqi\-{{r—‘W\&
strata

Infusion hole

C-Infusion from entry in roof strata

FIGURE 1. - European methods of water infusion.



infusion can only be applied from the
coal face (fig. 14). Because hole length
is slightly greater than daily advance of
the face, a large number of holes must be

drilled and infused along the 1longwall
face. Thus, 1if the daily advance is 10
ft (3.3 m), hole length 1is about 11 ft

(3.4 m) and distance between holes aver-
ages 19 ft (5.8 m). If panel width is
550 ft (168 m), about 29 holes are neces-
sary to infuse the face of the panel.
This procedure is repeated daily. During
the drilling and infusion cycles, no coal
can be extracted from the panel. Produc-
tion delays occur if the drilling and in-

longwalls are infused from the advance
gate roads and complemented by infusion
into the longwall face (5).

In some cases, an entry 1is driven into
the roof strata and water infusion holes
are drilled downward from this entry into
the mined coalbed (fig. 1¢). Water infu-
sion is carried out for up to a year be-
fore coal extraction and is discontinued
when the coal face approaches the infu-
sion hole.

operational difficul-
and infu-

In spite of the
ties of incorporating drilling

fusion cycles are not completed in one sion cycles on an advancing longwall
shift. 1In some cases, holes are drilled and not withstanding production delays,
to depths of 40 ft (12 m) (deep infu- water infusion for dust control is a
sion). The spacing between holes aver-  widespread practice in Europe. 1In the
ages 70 ft (21 m); on a 550-ft (168-m) United States, all longwalls are retreat-
face, about eight holes are required. ing faces, and drilling and infusing the
Although deep infusion requires fewer longwall present no operational difficul-
holes, more time is needed to infuse a ties or production delays; however, very
larger volume of coal. few U.S. longwalls are infused as a means
of dust control. This report briefly de-

If gate roads are driven ahead of the scribes the technology for infusing a re-
advancing face, holes are drilled and treating longwall panel, gives results
infused from these roads (fig. 1B). In of a recent infusion experiment, and
this way, water infusion can be carried discusses the interaction of water infu-
out without affecting mining opera- sion and face ventilation, and cost
tions at the face. 1In France, advancing effectiveness.
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WATER INFUSION PROCESS

The water infusion process involves these short holes 1is described elsewhere

three distinct operations: (1) hole (3, 7).

drilling, (2) hole packing, and (3) water
infusion. Each must be successfully com-
pleted to ensure that the infused panel
is saturated with water,

DRILLING

Three-in (7.6-cm) diameter holes are
drilled from the rib side of the panel
to a depth about 25 ft (8 m) beyond the
centerline of the panel. For example,
on a 550-ft (168-m) panel, the infusion
hole is drilled to a depth of about 300
ft (91 m). The equipment for drilling

The hole should be surveyed periodical-
ly during drilling to determine bit in-
clination in the vertical plane and to
make necessary changes in drilling param-
eters to ensure that the hole trajectory
remains within the coalbed and reaches
beyond the centerline of the panel. Hole
surveying can be conducted with an inex-
pensive instrument such as a Pajari bore-
hole surveying tool? (fig. 2). The

Sreference to specific equipment does

not imply endorsement by the Bureau.
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FIGURE 2. - Pajari surveying tool and protective case.

instrument 1is pushed with plastic pipe,
or pumped with water, through the drill
pipe to the end of the hole and 1is re-
trieved by wireline attached to the pro-
tective case. Since Bureau of Mines ex-
perience in drilling holes less than 500
ft (152 m) deep indicates insignificant
deviations in azimuth with hole depth,
the azimuth measurement is not as impor-
tant as the vertical inclination measure-
ment., If the vertical inclination of the
hole is measured frequently during drill-
ing, hole trajectory can be corrected be-
fore the bit intercepts roof or floor
strata, and the hole can be drilled to
the required depth.

HOLE PACKING

To ensure that the longwall panel is
saturated with water from rib to rib dur-
ing the infusion phase, water must enter
the coalbed from a small segment of the
hole near the centerline of the panel.
The segment of hole from the collar to
about 25 ft (8 m) away from the center-
line of the panel must be sealed. In
this way, water is infused into the panel

from a 50-ft (15-m) segment of hole
across the centerline of the panel
(fig. 3).

Holes can be sealed with hydraulic

packers, but the cost to effectively seal
250 ft (76 m) of hole is about $50,000.
The packers are retrievable and reusable,

but installation is time consuming and
laborious. If the hole deforms during
the infusion cycle, the packers are

locked in place and lost.

The Bureau has developed an alternate
hole sealing method which is less costly

and labor intensive and more reliable
(15). It uses expendable packers that
can be assembled in any mine machine shop
from commercially available materials.
Figure 4 shows an assembled packer, with
component parts and materials used to
construct it. A 10-mil (0.025-mm) thick
polyurethane sheet is formed into a tube
about 0.5 in (1.3 cm) wider than the
hole. This tube is banded to the grout
header on one end and to the 2-in (5.1-
cm) diameter polyvinyl chloride (PVC)
block on the other end. The annulus be-
tween the 10-mil (0.025-mm) tube and the
1-in (2.5-cm) diameter PVC pipe is filled
with cement and pressurized to about 200

psig (1,380 kPa), forcing the 10-mil
(0.025-mm) tube against the wall of the
hole to form a good seal. The ends of

the packer are protected with 1-ft (30.5-
cm) lengths of rubber hose. Pressurizing
the cement in the packer does not produce
any stress in the 10-mil (0.025-mm) poly-

urethane tube because it is wider than
the hole. Stress does exist near the
ends of the packer, and the short pieces

of rubber hose prevent the 10-mil (0.025-
mm) tube from overexpanding and ruptur-
ing. The packer can be constructed in
lengths of a few feet to over 250 ft (76
m), and the material cost to seal a 250-
ft (76-m) hole is about $250.

Sealing a hole for water infusion 1is a
very important step. If the hole is not
sealed properly, water will short-circuit
along the hole instead of penetrating the
coalbed from the back part of the hole.
The Bureau packer filled with pressurized
cement ensures that the hole is sealed
along its entire length and that water
enters the coalbed from the back 50 ft
(15 m) of the hole.
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WATER INFUSION

Coalbeds are naturally fractured. Gen-
erally, there are at least two sets of
vertical fractures that intersect at
right angles to form an interconnected
network thoughout the coalbed (11).
These two fracture systems are known as
face and butt cleats.,

The solid coal between fractures con-
tains an interconnected pore system, but
these openings, which are about 5A (5 x

10°8 cm) in diameter (1), are too small
to permit water to pass. Consequently,
the infused water is confined to the

fracture systems only.

coalbeds such as the Free-
and Pocahontas No. 3,

at the same rate in
all directions within the coalbed, and
the infused zone tends to be circular
(fig. 54). 1In the blocky Pittsburgh and
Beckley Coalbeds, water tends to run
faster along the more prominent face
cleat than along the butt cleat. Conse-
quently, the infused =zone tends to be
elliptical, which is ideal when the face
cleat direction 1is parallel to the long
axis of the longwall (fig. 5B). In the
latter case, a much larger volume of coal

In friable
port, Kittanning,
water tends to run
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FIGURE 5. - Shapes of infused zones.

is infused before the water appears along
the ribs of the panel, compared with the
circular case (fig. 54).

Like methane, water is normally associ-
ated with coal as inherent moisture in
the solid coal and as free water in the

fracture systems. During developmental
mining, the gas pressure forces some of
the free water out of the coalbed. In-

fusing water into the coalbed refills the
fracture systems. Analyses of coal sam-
ples obtained on a longwall in the Lower
Sunnyside Coalbed (Utah) show that the
free water content in the fracture system
was 1.4 gal/ton (7.5 L/m3) of coal. Coal
samples obtained in a water—-infused zone
on the same longwall had a free water
content of 3.1 gal/ton (16.6 L/m3).
Thus, water infusion added 1.7 gal/ton
(9.1 L/m3®) of coal.

The approximate quantity of water re-—
quired to infuse a longwall can be calcu-
lated by assuming a 1.0-pct fracture por-
osity for the coalbed and a circular
shape for the infused =zone (fig. 54).
For a 550-ft (168-m) wide panel, the vol-
ume of coal infused is

V=mr2h

half-width of panel, ft (m)

where r

and h = coalbed thickness, ft (m).
V = 237,540h ft3> (22,057h m3)
Because fracture porosity is assumed

the fracture volume with-
in the infused zone is 2,375h ft> (221h
m3), or 17,760 gal (221,000 L) per unit
thickness of coalbed. Thus, for a 7-ft
(2.1-m) coalbed, at least 124,300 gal
(464,100 L) of water 1is required. If
the infused zone is elliptical, a much
larger quantity of water will be required
(fig. 5B).

to be 1.0 pct,

During the infusion phase, the ribs on
both sides of the panel are inspected pe-
riodically for water seeps to determine
the extent of water migration through the
panel. Seeps may be difficult to find
because mining-induced fractures parallel



to the ribs of the panel prevent water places along the ribs, or it may be ob-
from migrating to the entry. Consequent- served seeping from the panel near the
ly, water may not be observed at all floor.
CASE STUDY
The following example illustrates pro- gal (464,100 L), based on a circular
cedures and gives results of the effects infusion zone and 1.0-pct fracture por-
of water infusion on dust generation dur- osity. The actual quantity of water in-

ing retreat longwall mining

Sunnyside Coalbed.

Panel width was
coal height was 7 ft
tant was used
3-in (7.6-cm) diamet
to a depth of 300 ft
with a Bureau packer
(72 m), leaving 65 ft
for infusion of wat
(fig. 6). During
was forced into
at a rate of
600 psig (4,130 kPa)
shifts, the mine
connected to
and pressure

the

550 ft

in the

the

27 gal/min

in the Lower

(168 m), and
(2.1 m). No surfac-
infused water. A
was drilled

(91 m) and sealed

(fig. 3) to 235 ft

(20 m) of open hole
er into the coalbed
day shift, water
coalbed with a pump
(102 L/min) at
On the other two

er hole

water supply line was
the hole.
were 13 gal/min

Water flow rates
(49 L/min)

and 315 psig (2,170 kPa), respectively.

The

quired to saturate the

calculated quantity

of water re-
panel was 124,300

1

fused over a 10-day period was 208,000
gal (787,300 L). Water seeps were ob-
served along both ribs of the panel up
to 550 ft (168 m) on both sides of the
water infusion hole. Thus, water mi-
grated faster by a factor of about 2
along the long axis of the longwall (ap-
proximate face cleat direction) than
towards the ribs of the panel, indicating
an elliptical infused zone.

Four dust sampling
ducted to determine

surveys were con-
the effects of water

infusion on dust generation during min-
ing. Each sampling period was 6 to 8
days. The first survey was conducted be-

was infused into the panel,
base dust level for com-
in the infused

fore water
to establish a
parison with dust levels
zone. The following surveys were con-
ducted in the infused zone: (1) when
the panel face was 400 ft (122 m) to the

N jcc
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right of the infusion hole (test 1),
(2) when the face passed through the vi-
cinity of the infusion hole (test 2), and
(3) when the face was about 600 ft (183
m) to the left of the infusion hole (test
3) (fig. 6).

Dust measurements were made with MSA
Monitore model G personal dust samplers.
A set of four instruments was hung from a
shield directly over the chain conveyor
and approximately 100 ft (30 m) upstream
from the tailgate entry. Intake air was
also monitored with a set of four instru-
ments, and those dust levels were sub-
tracted from the dust levels at the tail-
gate station, Because the velocity of
the ventilating air varied from 93 to
400 ft/min (0.5 to 2.0 m/s) and the ton-
nage of mined coal varied from 630 to
3,940 tons (572 to 3,574 t)® between sam-—
pling shifts, all dust measurements were
divided by tonnage of coal mined during
the sampling shift and then corrected to
an air velocity of 300 ft/min (1.5 m/s).
Data for the air velocity correction were
generated by the Mine Safety and Health
Administration (MSHA) from a 1978 survey
of all 1longwall sections for compliance
with respirable dust standards (14) (fig.
7). This survey showed that dust levels
during mining tended to be less on long-
walls where air velocities at the tail
end of the longwall were higher. How-
ever, where air velocities were above 500
ft/min (2.5 m/s), dust levels increased
because of dust entrainment.

The effects of water infusion on respi-
rable dust generation during longwall

61 t (metric ton) = 2,205 1b.

mining are summarized in table 1. Line 1
shows the average Mining Research Estab-
lishment (MRE) dust concentration for the
noninfused zone and the three surveys in
the infused zone. The measured dust lev-
els are affected by variations in air ve-
locity near the tail end of the longwall
(line 2) and by coal production (line 3),
which 1increased by a factor of about 3
between the first and last survey. To
correct for wvariations in air velocity
and coal produclion, dust concentrations
were normalized to an average air veloc-
ity of 300 ft/min (1.5 m/s) and then
divided by tonnage mined during the sam-
pling shift. Line 4 shows the corrected
dust concentrations. In noninfused coal,
dust concentrations averaged 0.0045 mg/
m3+ton~' (0.0050 mg/m3+t~') of mined
coal, compared with 0.0016 to 0.0024 mg/
meton” ' (0.0018 to 0.0026 mg/m3-t~1) in
the infused zone. Thus, water infusion
reduced the generation of respirable dust
during mining by 47 to 64 pct (line 5).
Average dust reduction was 58 pct.

Because of day-to-day variations in
dust levels and variations between dust
sampling periods, the dust data were ana-
lyzed statistically using the ¢ test to
determine if the differences between the
average dust levels in noninfused and in-
fused coal (line 4) are significant (8).
The ¢t test involves setting up the hy-
pothesis that no difference exists be-
tween average dust levels in infused and
noninfused coal. A ¢ value is computed
for the experimental data and then com-
pared with a theoretical ¢ value for a
given probability level. If the computed
t is greater than the theoretical ¢ for a

given probability level, the conclusion

TABLE 1. - Effects of infusion on dust generation

Effect Noninfused Infused zone
zone Test 1| Test 2 Test 3
Average MRE CONC.veevrnnsos. mg/m>,. 5.2 2.3 2.4 4.8
Average air velocity........ft/min.. 190 340 350 240
Production...eeeeeee....tons/shift.. 830 1,010 1,420 2,680
Corrected MRE conc,

PEr tOMuueeeosoeensesnnnesesamg/mo.,| 0.0045 0.0024 | 0.0017 | 0.0016
Dust reductiOnN..eeseeesseesessepClae NAp 47 62 64
Average water US€...sesese0s0..8al.. 10,200 9,500 10,500 14,700
Average water US€..........gal/ton.. 12.3 9.4 7.4 5.5

NAp Not applicable.
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is that differences are significant. A
computed t less than the theoretical ¢
implies that the differences are not

significant.

The average dust level of each test in
infused coal was compared to the average
dust level in noninfused coal. The cal-

culated ¢t values were in each case great-
er than the theoretical ¢ value at the
l-pct probability level. Thus, the prob-
ability that no differences exist between
dust 1levels in noninfused and infused
coal is only 1 pct or less. Stated in
another way, the probability is 99 pct or
greater that water infusion suppresses
dust generation during mining.

of water used by
shearer each

The average quantity
the spray system of the

shift during the study is shown in line
6. No changes were made to the shearer's
spray system during the study. Line 7
shows that the water consumed by the
spray system gradually decreased from
12.3 gal/ton (65.8 L/m>) of mined coal
during the first survey to 5.5 gal/ton
(29.4 L/m3) during the last survey. One
would expect dust concentrations to in-
crease, but the three surveys in the in-
fused =zone (line 4) show that dust con-—-
centrations generally decreased. These
data suggest that increasing the water
consumption of the spray system above 5.5
gal/ton (29.4 L/m®) of mined coal in the
Lower Sunnyside Coalbed would not be ef-
fective in suppressing respirable dust
during mining.

COST EFFECTIVENESS

According to a 1978 MSHA survey (12) 70
pct of longwall mining operations employ-
ing a double-drum shearer were not in
compliance with the 2.0—mg/m3 dust stan-
dard, and the average high-risk occupa-
tional exposure (shearer operator) was
2.6 mg/m>. Water infusion, which reduces

the generation of respirable dust during
mining by as much as 64 pct, should re-
duce the high-risk occupational exposure
well below the 2.0-mg/m> standard. Thus,
production could be increased without ex-
ceeding the 2.0-mg/m> standard.
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Time and motion studies on double-drum
shearers employing wunidirectional mining
show that the actual working time of the
shearer averages 180 min/shift. This can
be divided further into cutting, clean-
ing, and turnaround times (table 2) (6).
Coal cutting is primarily in one direc-
tion, with the return pass used to clean
up. Thus, if bidirectional mining is in-
troduced, an additional 35 min/shift is
available for coal cutting and increasing
production.

TABLE 2. - Working time dis-
tribution of shearer

Time,

Operation min/shift
Cuttingeeeseeoeeecses 117
Cleaningeeseeeseseses 35
Turnaround. .eeeeeese 28

Table 3 shows that 273 working days are
required to mine a 5,000-ft (1,524-m)

panel where 1,500 tons of coal are pro-
duced per shift by unidirectional mining.
With bidirectional mining, cutting time
increases from 117 to 152 min/shift, and
consequently coal production increases to
1,950 tons per shift. The same 5,000-ft
(1,524-m) panel can then be mined in 210
days, or 63 days less than with unidirec-
tional mining.

An economic analysis of costs associ-
ated with mining of one longwall panel is
shown in table 4 (9). Capital costs are
higher for bidirectional shearing because
the costs of drilling and infusion equip-
ment are included. A water infusion test
on a retreating longwall in the Lower
Sunnyside Coalbed indicated that one in-
fusion hole will saturate over 800 ft
(244 m) of the panel. Consequently, six
holes spaced 800 ft (244 m) apart are
required to saturate a 5,000-ft (1,524-m)
panel, The labor requirement for drill-
ing and infusing a 5,000-ft (1,524-m)
longwall is 120 man-days, which increases

TABLE 3. - Unidirectional versus bidirectional mining

of longwall
Unidirectional Bidirectional
mining mining
Longwall dimensions......ft..] 5,000 x 550 x 7 | 5,000 x 550 x 7
Tons per panel.eceessessesesss 818,100 818,100
Cutting time......min/shift,. 117 152
Cleaning time.....min/shift.. 35 0
Production.......tons/shift.. 1,500 1,950
Production.........tons/min.. 12.8 12.8
Shifts per dayeeseeeeeeeoosnss 2 2
Run of mine........tons/day.. 3,000 3,900
RejecCteeeeeeeeeensessssspct., 15 15
Clean coal.vee.....tons/day.. 2,550 3,310
Clean coal.......tons/panel.. 696,000 696,000
Mining time......days/panel.. 273 210

TABLE 4. - Economic summary (mining of one longwall)

Unidirectional | Bidirectional mining

mining with water infusion
(273 days) (210 days)
Capital cost'.iiiuiviineiinnnenennnnas] $6,370,000 $6,407,000
Production.sseeees...tons clean coal.. 696,000 696,000
Operating cost!.ieieeviveeeneneeneenss] $3,157,000 $2,428,000
Operating cost per ton of clean coal.. $4.54 $3.49
Capital cost per ton of clean coal.... $9.15 $9.21

'Costs updated to 1981.



operating costs. However, this increase
is counterbalanced by the decrease 1in
operating costs, because 63 fewer days
(1,386 fewer man-days) are required to
mine the panel with bidirectional mining
(table 3) and operating costs per ton of
clean coal decrease from $4.54 to $3.49,
a reduction of 23 pct (table 4). The
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preceding analysis was conducted for a
longwall production of 1,500 tons per
shift. A similar analysis for a longwall
production of 800 tons per shift also
shows a 23-pct reduction in operating
costs when bidirectional mining with
water infusion is employed.

INTERACTION OF FACE AIR VELOCITY AND WATER INFUSION

The principal means for diluting and
removing respirable dust on longwall min-
ing operations 1in the United States is
face ventilating air. The average face
air velocity measured at the midpoint of
the face on double-drum shearers in the
United States is 285 ft/min (1.4 m/s).
Experience indicates a higher face air
velocity of approximately 450 to 500 ft/
min (2.3 to 2.5 m/s) (fig. 8) (12) is re-
quired to minimize the shearer operator's
respirable dust exposure. In addition to
the dilution effect, higher air veloc-
ities tend to keep airborne dust nearer
the face, again reducing the operator's
respirable dust exposure.

450 to 500 ft/min (2.3 to 2.5 m/s) when
the moisture content of the coal is 3 to
4 wt pct (12). Air velocities exceeding
500 ft/min (2.5 m/s) result in increased
dust concentrations, becausc thc dust cn-
trainment effect is greater than the di-
lution effect. However, when the mois-
ture content of the «coal is 5 to 8 wt
pct, velocities up to about 900 ft/min
(4.5 m/s) are possible before dust en-
trainment occurs.

Infusion of water into a longwall panel
is the only known method of increasing
the moisture content of coal before min-
ing. Analyses of coal samples taken from
a longwall face in the Lower Sunnyside

Studies in the Federal Republic of Ger- Coalbed showed that the average in situ
many indicate similar results (fig. 9). moisture content of the coal is 3.7 wt
The optimum face air velocity is about pct. After infusion of water into the
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FIGURE 8. - Effect of ventilation on shearer operator’s dust exposure.
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FIGURE 9. - Effect of moisture content of coal on dust,
panel, the moisture content of coal sam- dust entrainment effect begins to oper-
ples taken from the face had increased ate. These higher air velocities, in ad-

to 5.0 wt pct. Thus, if the German stud-
ies apply to the Lower Sunnyside Coalbed,
face air velocities in excess of 500 ft/
min (2.5 m/s) are possible before the

dition to reducing airborne dust levels
by dilution, prevent the dust from "boil-
ing back"” over the shearer operator.

SUMMARY AND CONCLUSIONS

Water infusion is an effective and eco-
nomical method of reducing the generation
of respirable dust on longwalls. Dust
reductions averaging 58 pct were demon-
strated in the Lower Sunnyside Coalbed.
This large reduction was due to the addi-
tion of only 1.7 gal/ton (9.1 L/m3) of
coal; in contrast, the spray system of
the mining machine utilizes more than 5.5
gal/ton (29.4 L/m>®) of mined coal.

Seventy percent of double-drum shearer
operations are not in compliance with

the 2.0-mg/m> dust standard. The average
exposure of the shearer operator is 2.6
mg/m3; this can be reduced by water infu-
sion well below the 2.0-mg/m> standard.
Thus, coal production can be increased by
changing from unidirectional to bidirec-
tional mining with water infusion, with-
out exceeding the 2.0-mg/m> standard.
Increases in capital and operating costs
associated with water infusion are insig-
nificant compared to the 23-pct savings
in operating costs caused by increased
coal production.



Because water infusion increases the
moisture content of the coalbed, ventila-
tion velocities in excess of 500 ft/min
(2.5 m/s) reduce dust levels further by
dilution and prevent generated dust from
"boiling back" over the shearer operator.
German studies show velocities up to 900
ft/min (4.5 m/s) are possible before dust
entrainment occurs when moisture content
of the coalbed is increased.
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for infusion of water
into retreating longwall panels has been
developed. Drilling equipment is avail-
able commercially, and procedures and
materials for effectively sealing water
infusion holes are available. A Bureau-
designed packer reduces the cost of seal-
ing one hole from $50,000 to $250.

The technology
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