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WATER INFUSION-AN EFFECTIVE AND ECONOMICAL LONGWALL DUST CONTROL 

By Joseph Cervik, Albert Sainato, and Eugene ~ a k e r ~  

ABSTRACT 

I n  Europe, water  i n f u s i o n  i s  used widely  t o  reduce g e n e r a t i o n  of r e s -  
p i r a b l e  d u s t  d u r i n g  mining. Its use  i n  t h e  United S t a t e s  i s  l i m i t e d  t o  
a  few plow o p e r a t i o n s  i n  t h e  Pocahontas No. 3 Coalbed. This  Bureau of 
Mines r e p o r t  d e s c r i b e s  t h e  technology f o r  i n f u s i n g  wate r  i n t o  a  long- 
w a l l  p a n e l  and r e p o r t s  t h e  r e s u l t s  of a  r e c e n t  demons t ra t ion  i n  t h e  
Lower Sunnyside Coalbed t h a t  achieved d u s t  r e d u c t i o n s  averag ing  58 p c t .  
Because wate r  i n f u s i o n  i n c r e a s e s  mois tu re  c o n t e n t  of t h e  coa lbed ,  f a c e  
a i r  v e l o c i t i e s  i n  excess  of 500 f t / m i n  (2 .5  m/s) a r e  p o s s i b l e ,  f u r t h e r  
d i l u t i n g  d u s t  l e v e l s  b e f o r e  d u s t  en t ra inment  occurs .  An economic ana l -  
y s i s  shows a  23-pct r e d u c t i o n  i n  o p e r a t i n g  c o s t s  when c o a l  p roduc t ion  
i s  i n c r e a s e d  by changing from u n i d i r e c t i o n a l  mining t o  b i d i r e c t i o n a l  
mining w i t h  wa te r  i n f u s i o n .  

- 

l s u p e r v i s o r y  g e o p h y s i c i s t .  
2 ~ i n i n g  e n g i n e e r i n g  t e c h n i c i a n .  
3 ~ h y s i c a l  s c i e n t i s t .  
P i t t s b u r g h  Research Cente r ,  Bureau of Mines, P i t t s b u r g h ,  PA.  



INTRODUCTION 

The most common d u s t  c o n t r o l  measures 
app l i ed  during longwall  mining i n  t h e  
United S t a t e s  a r e  v e n t i l a t i o n ,  water 
sp ray  systems, and modified c u t t i n g  se- 
quences. These measures address  t h e  
problems of suppress ing  a i rbo rne  r e s p i r -  
a b l e  dus t .  Procedures such a s  i n f u s i n g  
water  (3-4)4 - - and opt imiz ing  machine cu t -  
t i n g  parameters  (12)  - ( b i t  s i z e  and spac- 
i n g ,  vane ang le ,  and drum speed)  reduce 
t h e  gene ra t i on  of r e s p i r a b l e  d u s t  dur ing  
mining, but a r e  not  i n  widespread use. 
I n  t h e  United S t a t e s ,  water i n fus ion  of 
r e t r e a t i n g  longwalls  from panel  e n t r i e s  
i s  employed only on a  few plow ope ra t i ons  
i n  t h e  deeper  p a r t s  of t h e  Pocahontas No. 
3  Coalbed i n  southwestern V i rg in i a  (2, 
12) .  

In  Europe water  i n f u s i o n  i s  widely 
used. German mining r egu la t i ons  r e q u i r e  
water  i n f u s i o n  of a l l  c o a l  f aces  where 
p o s s i b l e  ( 2 ,  - - 10) .  The German experience 
i n d i c a t e s  t h a t  a  water content  of a t  
l e a s t  1.9 g a l l t o n  (10 ~ / m ~ )  of coa l  i s  
r equ i r ed  t o  suppress  dus t .  In  t h e  north-  
e r n  c o a l f i e l d s  of France,  t h e  b a s i c  dus t  
p revent ion  technique is water  i n f u s i o n ,  
which covers  89 pc t  of t h e  c o a l  produced 
(2) .  I n  Belgium, water  i n f u s i o n  f o r  d u s t  
suppress ion  has been p rac t i ced  f o r  over 
20 yea r s  (13) .  Belgian experience i nd i -  
c a t e s  a  of water equiva len t  t o  1  
pc t  of n e t  tonnage, o r  2.4 g a l l t o n  (13 L1 
m3) of c o a l ,  reduces t h e  r e s p i r a b l e  dus t  
p a r t i c l e s  produced dur ing  mining by 

The predominant mining system i n  Europe 
i s  t h e  advancing longwall ,  whereas i n  t h e  
United S t a t e s  most longwalls  a r e  r e t r e a t -  
i n g  f aces .  In  t h e  Federal  Republic of 
Germany, f o r  example, 75 pc t  of t h e  
longwalls  a r e  advancing f aces  (10) .  - The 
procedures f o r  i n f u s i n g  an  advancing 
longwall  a r e  more complex and d i f f i c u l t  
t han  those  f o r  i n f u s i n g  a  r e t r e a t i n g  
longwall .  

Figure 1 shows t h r e e  European proce- 
dures  f o r  i n f u s i n g  an advancing longwal l  
(10). In workings where t h e  g a t e  roads 
a r e  kept  on l i n e  with t h e  f ace  o r  a r e  
advanced only a  s h o r t  d i s t a n c e ,  water 

Shallow lnfus~on f 1 = h ~ l y  advance +20 in 
., . . ' />I o = (1.5 to 2.0) / 

Deep hole infusion 
/ = 4 0  f t  

. ;, :, . p 8 -  u =(1.5 to 2.0)/ 

A - Face infusion 

B - Infusion from advance roads 

65 pc t .  

I n  China, t h e  Fushun and Chong Qing 
Coal Research I n s t i t u t e s  conducted water 
i n f u s i o n  experiments i n  about 10 coal-  
f i e l d s  between 1953 and 1974, according 
t o  Lide Xu, Fushun Coal Research I n s t i -  
t u t e .  Genera l ly ,  r e s u l t i n g  dus t  reduc- 
t i o n s  dur ing  mining ranged from 30 t o  50 
p c t ;  coalbed mois ture  conten t  was in-  
c reased  from a  p re in fus ion  l e v e l  of 1.0 
w t  p c t  t o  2.0 w t  pc t  a f t e r  in fus ion .  

4 ~ n d e r l i n e d  numbers i n  paren theses  re-  C-Infusion from entry in roof strata 
f e r  t o  i tems i n  t h e  l i s t  of r e f e r ences  
a t  t h e  end of t h i s  r epo r t .  FIGURE 1. - European methods of water infusion. 
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can on ly  be a p p l i e d  from t h e  
( f i g .  l A ) .  Because h o l e  l e n g t h  

l y  g r e a t e r  t h a n  d a i l y  advance of 
a  l a r g e  number of h o l e s  must be 

d r i l l e d  and i n f u s e d  a long  t h e  longwal l  
f a c e .  Thus,  i f  t h e  d a i l y  advance i s  10 
f t  (3 .3  m),  h o l e  l e n g t h  i s  about  11 f t  
(3.4 m) and d i s t a n c e  between h o l e s  aver -  
a g e s  19 f t  (5.8 m). I f  pane l  wid th  i s  
550 f t  (168 m), about  29 h o l e s  a r e  neces-  
s a r y  t o  i n f u s e  t h e  f a c e  of t h e  pane l .  
T h i s  p rocedure  i s  r e p e a t e d  d a i l y .  During 
t h e  d r i l l i n g  and i n f u s i o n  c y c l e s ,  no c o a l  
can  be e x t r a c t e d  from t h e  pane l .  Produc- 
t i o n  d e l a y s  occur  i f  t h e  d r i l l i n g  and in -  
f u s i o n  c y c l e s  a r e  not  completed i n  one 
s h i f t .  I n  some c a s e s ,  h o l e s  a r e  d r i l l e d  
t o  d e p t h s  of 40 f t  (12 m) (deep i n f u -  
s i o n ) .  The s p a c i n g  between h o l e s  aver-  
ages  70 f t  (21 m ) ;  on a  550-ft (168-m) 
f a c e ,  about  e i g h t  h o l e s  a r e  r e q u i r e d .  
Although deep i n f u s i o n  r e q u i r e s  fewer 
h o l e s ,  more t ime i s  needed t o  i n f u s e  a  
l a r g e r  volume of c o a l .  

I f  g a t e  roads  a r e  d r i v e n  ahead of t h e  
advancing f a c e ,  h o l e s  a r e  d r i l l e d  and 
i n f u s e d  from t h e s e  roads  ( f i g .  1B). In  
t h i s  way, wa te r  i n f u s i o n  can be c a r r i e d  
o u t  wi thou t  a f f e c t i n g  mining opera-  
t i o n s  a t  t h e  f a c e .  In  France,  advancing 

longwal l s  a r e  i n f u s e d  from t h e  advance 
g a t e  roads  and complemented by i n f u s i o n  
i n t o  t h e  longwal l  f a c e  ( 5 ) .  - 

I n  some c a s e s ,  an e n t r y  i s  d r i v e n  i n t o  
t h e  roof s t r a t a  and wate r  i n f u s i o n  h o l e s  
a r e  d r i l l e d  downward from t h i s  e n t r y  i n t o  
t h e  mined coalbed ( f i g .  lC) .  Water i n f u -  
s i o n  i s  c a r r i e d  o u t  f o r  up t o  a  y e a r  be- 
f o r e  c o a l  e x t r a c t i o n  and i s  d i s c o n t i n u e d  
when t h e  c o a l  f a c e  approaches  t h e  i n f u -  
s i o n  ho le .  

I n  s p i t e  of t h e  o p e r a t i o n a l  d i f f i c u l -  
t i e s  of i n c o r p o r a t i n g  d r i l l i n g  and i n f u -  
s i o n  c y c l e s  on an advancing longwal l  
and n o t  w i t h s t a n d i n g  p roduc t ion  d e l a y s ,  
wa te r  i n f u s i o n  f o r  d u s t  c o n t r o l  i s  a  
widespread p r a c t i c e  i n  Europe. I n  t h e  
United S t a t e s ,  a l l  longwal ls  a r e  r e t r e a t -  
i n g  f a c e s ,  and d r i l l i n g  and i n f u s i n g  t h e  
longwal l  p r e s e n t  no o p e r a t i o n a l  d i f f i c u l -  
t i e s  o r  p roduc t ion  d e l a y s ;  however, very  
few U.S. longwal l s  a r e  i n f u s e d  a s  a  means 
o f  d u s t  c o n t r o l .  This  r e p o r t  b r i e f l y  de- 
s c r i b e s  t h e  technology f o r  i n f u s i n g  a  re-  
t r e a t i n g  longwal l  p a n e l ,  g i v e s  r e s u l t s  
of a  r e c e n t  i n f u s i o n  exper iment ,  and 
d i s c u s s e s  t h e  i n t e r a c t i o n  of wa te r  i n f u -  
s i o n  and f a c e  v e n t i l a t i o n ,  and c o s t  
e f f e c t i v e n e s s .  
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WATER INFUSION PROCESS 

The wate r  i n f u s i o n  p rocess  i n v o l v e s  
t h r e e  d i s t i n c t  o p e r a t i o n s :  ( 1 )  h o l e  
d r i l l i n g ,  ( 2 )  h o l e  packing,  and ( 3 )  wa te r  
i n f u s i o n .  Each must be s u c c e s s f u l l y  com- 
p l e t e d  t o  e n s u r e  t h a t  t h e  i n f u s e d  pane l  
i s  s a t u r a t e d  w i t h  wa te r .  

DRILLING 

Three- in  (7.6-cm) d iamete r  h o l e s  a r e  
d r i l l e d  from t h e  r i b  s i d e  of t h e  pane l  
t o  a  dep th  about  25 f t  (8  m) beyond t h e  
c e n t e r l i n e  of t h e  panel .  For example, 
on a  550-ft  (168-m) p a n e l ,  t h e  i n f u s i o n  
h o l e  i s  d r i l l e d  t o  a  dep th  of about  300 

t h e s e  s h o r t  h o l e s  is d e s c r i b e d  e l sewhere  
(2, 1). 

The h o l e  should be surveyed p e r i o d i c a l -  
l y  d u r i n g  d r i l l i n g  t o  de te rmine  b i t  in -  
c l i n a t i o n  i n  t h e  v e r t i c a l  p lane  and t o  
make necessa ry  changes i n  d r i l l i n g  param- 
e t e r s  t o  e n s u r e  t h a t  t h e  h o l e  t r a j e c t o r y  
remains w i t h i n  t h e  coalbed and reaches  
beyond t h e  c e n t e r l i n e  of t h e  pane l .  Hole 
su rvey ing  can be conducted w i t h  an inex- 
pens ive  ins t rument  such as a  P a j a r i  bore- 
h o l e  su rvey ing  t o o l 5  ( f i g .  2 ) .  The 

5 ~ e f e r e n c e  t o  s p e c i f i c  equ ipnen t  does 
f t  (91  m). The equipment f o r  d r i l l i n g  n o t  imply endorsement by t h e  Bureau. 



FIGURE 2. - Paiari surveying tool and protective case. 

instrument  is  pushed wi th  p l a s t i c  p ipe ,  
o r  pumped wi th  water ,  through t h e  d r i l l  
p ipe  t o  t h e  end of t h e  ho l e  and i s  re-  
t r i e v e d  by w i r e l i n e  a t t ached  t o  t h e  pro- 
t e c t i v e  case.  Since Bureau of Mines ex- 
per ience  i n  d r i l l i n g  ho l e s  l e s s  than 500 
f t  (152 m) deep i n d i c a t e s  i n s i g n i f i c a n t  
dev i a t i ons  i n  azimuth wi th  ho l e  depth ,  
t h e  azimuth measurement i s  n o t  a s  impor- 
t a n t  as  t h e  v e r t i c a l  i n c l i n a t i o n  measure- 
ment. I f  t h e  v e r t i c a l  i n c l i n a t i o n  of t h e  
h o l e  i s  measured f r equen t ly  during d r i l l -  
i n g ,  hole  t r a j e c t o r y  can be co r r ec t ed  be- 
f o r e  t h e  b i t  i n t e r c e p t s  roof o r  f l o o r  
s t r a t a ,  and t h e  ho l e  can be d r i l l e d  t o  
t h e  requi red  depth. 

HOLE PACKING 

To ensure t h a t  t he  longwall  pane l  i s  
s a t u r a t e d  wi th  water  from r i b  t o  r i b  dur- 
i n g  t he  i n f u s i o n  phase,  water must e n t e r  
t h e  coalbed from a  smal l  segment of t h e  
h o l e  near  t h e  c e n t e r l i n e  of t h e  panel.  
The segment of ho le  from t h e  c o l l a r  t o  
about 25 f t  ( 8  m) away from t h e  cen te r -  
l i n e  of t h e  panel  must be s ea l ed .  I n  
t h i s  way, water  i s  in fused  i n t o  t h e  panel  
from a  50-ft (15-m) segment of ho l e  
ac ros s  t h e  c e n t e r l i n e  of t h e  panel  
( f i g .  3 ) .  

Holes can be s e a l e d  wi th  hyd rau l i c  
packers ,  but t h e  c o s t  t o  e f f e c t i v e l y  s e a l  
250 f t  (76 m) of ho l e  i s  about $50,000. 
The packers a r e  r e t r i e v a b l e  and r eusab le ,  
bu t  i n s t a l l a t i o n  i s  t i m e  consuming and 
l abo r ious .  I f  t h e  ho l e  deforms dur ing  
t h e  i n fus ion  cyc l e ,  t h e  packers  a r e  
locked i n  p l ace  and l o s t .  

The Bureau has developed an a l t e r n a t e  
ho l e  s e a l i n g  method which i s  less c o s t l y  

and l abo r  i n t e n s i v e  and more r e l i a b l e  
(15). It uses  expendable packers t h a t  
can be assembled i n  any mine machine shop 
from commercially a v a i l a b l e  ma te r i a l s .  
Figure 4 shows an assembled packer ,  wi th  
component p a r t s  and ma te r i a l s  used t o  
cons t ruc t  i t .  A lo-mil (0.025-mm) t h i c k  
polyurethane s h e e t  is formed i n t o  a  tube 
about 0.5 i n  (1.3 cm) wider than  the  
hole .  This tube i s  banded t o  t he  g rou t  
header on one end and t o  t h e  2-in (5.1- 
cm) diameter polyvinyl  ch lo r ide  (PVC) 
block on t h e  o t h e r  end. The annulus be- 
tween t h e  10-mil (0.025-mm) tube and t h e  
1-in (2.5-cm) diameter  PVC pipe i s  f i l l e d  
wi th  cement and p re s su r i zed  t o  about 200 
ps ig  (1,380 kPa) ,  f o r c i n g  the  10-mil 
(0.025-mm) tube a g a i n s t  t h e  wal l  of t h e  
h o l e  t o  form a  good s e a l .  The ends of 
t h e  packer a r e  p ro t ec t ed  w i th  1-ft  (30.5- 
cm) lengths  of rubber hose. P re s su r i z ing  
t h e  cement i n  t h e  packer does no t  produce 
any s t r e s s  i n  t h e  10-mi.l (0.025-mm) poly- 
urethane tube because i t  i s  wider than  
t h e  hole.  S t r e s s  does e x i s t  near  t h e  
ends of t h e  packer ,  and the  s h o r t  p ieces  
of rubber hose prevent  t he  10-mil (0.025- 
mm) tube from overexpanding and rup tur -  
ing .  The packer can be cons t ruc ted  i n  
lengths  of a  few f e e t  t o  over 250 f t  ( 7 6  
m), and t h e  m a t e r i a l  c o s t  t o  s e a l  a  250- 
f t  (76-m) hole  i s  about $250. 

Sea l ing  a  ho l e  f o r  water i n fus ion  i s  a  
very important s t e p .  I f  t h e  ho l e  i s  not  
s ea l ed  proper ly ,  water  w i l l  s h o r t - c i r c u i t  
a long t h e  ho le  i n s t e a d  of p e n e t r a t i n g  t h e  
coalbed from t h e  back p a r t  of t h e  hole .  
The Bureau packer f i l l e d  wi th  p re s su r i zed  
cement ensures  t h a t  t h e  ho le  i s  sea l ed  
a long  i t s  e n t i r e  length  and t h a t  water 
e n t e r s  t h e  coalbed from t h e  back 50 f t  
(15 m) of t h e  hole .  



FIGURE 3. - Seated water infusion hole. 

FIGURE 4. - Bureau packer. 



WATEK INFUSION 

Coalbeds are n a t u r a l l y  f r a c t u r e d .  Gen- 
e r a l l y ,  t h e r e  a r e  at  least two s e t s  of 
v e r t i c a l  f r a c t u r e s  t h a t  i n t e r s e c t  a t  
r i g h t  a n g l e s  t o  form an  i n t e r c o n n e c t e d  
network thoughout t h e  coalbed (11). 
These two f r a c t u r e  sys tems are known as 
f a c e  and b u t t  c l e a t s .  

The s o l i d  c o a l  between f r a c t u r e s  con- 
t a i n s  an  i n t e r c o n n e c t e d  pore  s y s t c p ,  bu t  
t h e s e  open ings ,  which a r e  abou t  5A ( 5  x 

cm) i n  d i a m e t e r  ( I ) ,  - a r e  t o o  s m a l l  
t o  pe rmi t  wa te r  t o  pass .  Consequent ly ,  
t h e  i n f u s e d  w a t e r  i s  conf ined  t o  t h e  
f r a c t u r e  sys tems on ly .  

I n  f r i a b l e  coa lbeds  such  a s  t h e  Free- 
p o r t ,  K i t t a n n i n g ,  and Pocahontas No. 3 ,  
w a t e r  t e n d s  t o  r u n  a t  t h e  same rate i n  
a l l  d i r e c t i o n s  w i t h i n  t h e  coa lbed ,  and 
t h e  i n f u s e d  zone t e n d s  t o  be c i r c u l a r  
( f i g .  5A). I n  t h e  blocky P i t t s b u r g h  and 
Beckley Coalbeds,  wa te r  t e n d s  t o  rur, 
f a s t e r  a long  t h e  more prominent f a c e  
c l e a t  t h a n  a l o n g  t h e  b u t t  c l e a t .  Conse- 
q u e n t l y ,  t h e  i n f u s e d  zone t ends  t o  be 
e l l i p t i c a l ,  which i s  i d e a l  when t h e  f a c e  
c l e a t  d i r e c t i o n  is  p a r a l l e l  t o  t h e  l o n g  
a x i s  of t h e  longwal l  ( f i g .  5B). I n  t h e  
l a t t e r  c a s e ,  a much l a r g e r  volume of c o a l  

A -  C~rcular ~nfus~on zone 

n n o o o  cl LI n n n o  n u n  

B- El lhpt~cal ~nfus~on zone 

FIGURE 5. - Shapes of infused zones. 

i s  i n f u s e d  b e f o r e  t h e  wa te r  a p p e a r s  a long  
t h e  r i b s  of t h e  p a n e l ,  compared w i t h  t h e  
c i r c u l a r  c a s e  ( f i g .  5A). 

Like  methane, wa te r  i s  normal ly  a s s o c i -  
a t e d  w i t h  c o a l  a s  i n h e r e n t  mois tu re  i n  
t h e  s o l i d  c o a l  and a s  f r e e  wa te r  i n  t h e  
f r a c t u r e  systems. During developmental  
mining,  t h e  gas  p r e s s u r e  f o r c e s  some of 
t h e  f r e e  w a t e r  o u t  of t h e  coalbed.  In- 
f u s i n g  w a t e r  i n t o  t h e  coalbed r e f i l l s  t h e  
f r a c t u r e  sys tems.  Analyses of c o a l  sam- 
p l e s  o b t a i n e d  on a  longwal l  i n  t h e  Lower 
Sunnyside Coalbed (Utah) show t h a t  t h e  
f r e e  wa te r  c o n t e n t  i n  t h e  f r a c t u r e  sys tem 
was 1.4 g a l l t o n  (7.5 ~ I r n 3 )  of c o a l .  Coal 
samples o b t a i n e d  i n  a wate r - in fused  zone 
on t h e  same longwal l  had a f r e e  w a t e r  
c o n t e n t  of 3.1 g a l l t o n  (16.6 ~ / m ~ ) .  
Thus,  wa te r  i n f u s i o n  added 1.7 g a l l t o n  
(9.1 ~ l m ~ )  of c o a l .  

The approximate  q u a n t i t y  of w a t e r  re- 
q u i r e d  t o  i n f u s e  a  longwal l  can be ca lcu-  
l a t e d  by assuming a 1.0-pct f r a c t u r e  por- 
o s i t y  f o r  t h e  coalbed and a  c i r c u l a r  
shape  f o r  t h e  i n f u s e d  zone ( f i g .  5A). 
For a 550-ft  (168-m) wide p a n e l ,  t h e  vol-  
ume of c o a l  i n f u s e d  is 

where r = half -width  of pane l ,  f t  (m) 

and h  = coalbed t h i c k n e s s ,  f t  (m). 

Because f r a c t u r e  p o r o s i t y  is assumed 
t o  be 1.0 p c t ,  t h e  f r a c t u r e  volume with-  
i n  t h e  i n f u s e d  zone i s  2,375h f t 3  (221h 
m3), o r  17,760 g a l  (221,000 L) p e r  u n i t  
t h i c k n e s s  of coalbed.  Thus, f o r  a 7-f t  
(2.1-m) coa lbed ,  a t  l e a s t  124,300 g a l  
(464,100 L) of wa te r  i s  r e q u i r e d .  I f  
t h e  i n f u s e d  zone i s  e l l i p t i c a l ,  a much 
l a r g e r  q u a n t i t y  of wa te r  w i l l  be r e q u i r e d  
( f i g .  5B). 

During t h e  i n f u s i o n  phase ,  t h e  r i b s  on 
b o t h  s i d e s  of t h e  pane l  a r e  i n s p e c t e d  pe- 
r i o d i c a l l y  f o r  wa te r  s e e p s  t o  de te rmine  
t h e  e x t e n t  of w a t e r  m i g r a t i o n  through t h e  
panel .  Seeps may be d i f f i c u l t  t o  f i n d  
because  mining-induced f r a c t u r e s  p a r a l l e l  



t o  t h e  r i b s  of  t h e  p a n e l  p r e v e n t  w a t e r  p l a c e s  a l o n g  t h e  r i b s ,  o r  i t  nay be ob- 
f rom m i g r a t i n g  t o  t h e  e n t r y .  Consequent-  s e r v e d  s e e p i n g  from t h e  p a n e l  n e a r  t h e  
l y ,  w a t e r  may n o t  be obse rved  a t  a l l  f l o o r .  

CASE STUDY 

The f o l l o w i n g  example i l l u s t r a t e s  pro-  
c e d u r e s  and g i v e s  r e s u l t s  of  t h e  e f f e c t s  
o f  w a t e r  i n f u s i o n  on d u s t  g e n e r a t i o n  dur -  
i n g  r e t r e a t  l o n g w a l l  mining i n  t h e  Lower 
Sunnys ide  Coalbed.  

P a n e l  w i d t h  was 550 f t  (168 m) ,  and 
c o a l  h e i g h t  was 7  f t  (2 .1  m). No s u r f a c -  
t a n t  was used  i n  t h e  i n f u s e d  w a t e r .  A 
3- in  (7.6-cm) d i a m e t e r  h o l e  was d r i l l e d  
t o  a  d e p t h  of  300 f t  ( 9 1  m) and s e a l e d  
w i t h  a  Bureau p a c k e r  ( f i g .  3)  t o  235 f t  
( 7 2  m) ,  l e a v i n g  65 f t  ( 2 0  m) of  open h o l e  
f o r  i n f u s i o n  of  w a t e r  i n t o  t h e  c o a l b e d  
( f i g .  6 ) .  Dur ing  t h e  day s h i f t ,  w a t e r  
was f o r c e d  i n t o  t h e  c o a l b e d  w i t h  a  pump 
a t  a  r a t e  of  27 g a l l m i n  (102 L/min) a t  
600 p s i g  ( 4 , 1 3 0  kPa) .  On t h e  o t h e r  two 
s h i f t s  , t h e  mine w a t e r  s u p p l y  l i n e  was 
c o n n e c t e d  t o  t h e  h o l e .  Water f low r a t e s  
and p r e s s u r e  were 13  g a l / m i n  (49  L/min) 
and 315 p s i g  ( 2 , 1 7 0  k P a ) ,  r e s p e c t i v e l y .  

The c a l c u l a t e d  q u a n t i t y  of  w a t e r  r e -  
q u i r e d  t o  s a t u r a t e  t h e  p a n e l  was 124,300 

g a l  (464,100 L ) ,  based  on a  c i r c u l a r  
i n f u s i o n  zone and 1.0-pct f r a c t u r e  por-  
o s i t y .  The a c t u a l  q u a n t i t y  of w a t e r  i n -  
f u s e d  o v e r  a  10-day p e r i o d  was 208,000 
g a l  (787,300 L) .  Water s e e p s  were  ob- 
s e r v e d  a l o n g  b o t h  r i b s  of  t h e  p a n e l  up 
t o  550 f t  (168 m) on b o t h  s i d e s  of t h e  
w a t e r  i n f u s i o n  h o l e .  Thus ,  w a t e r  m i -  
g r a t e d  f a s t e r  by a  f a c t o r  of  abou t  2  
a l o n g  t h e  l o n g  a x i s  of  t h e  l o n g w a l l  (ap-  
p rox ima te  f a c e  c l e a t  d i r e c t i o n )  t h a n  
towards  t h e  r i b s  of  t h e  p a n e l ,  i n d i c a t i n g  
a n  e l l i p t i c a l  i n f u s e d  zone. 

Four d u s t  s ampl ing  s u r v e y s  were  con- 
d u c t e d  t o  d e t e r m i n e  t h e  e f f e c t s  of  w a t e r  
i n f u s i o n  on d u s t  g e n e r a t i o n  d u r i n g  min- 
i n g .  Each sampl ing  p e r i o d  was 6  t o  8  
days .  The f i r s t  s u r v e y  was conduc ted  be- 
f o r e  w a t e r  was i n f u s e d  i n t o  t h e  p a n e l ,  
t o  e s t a b l i s h  a b a s e  d u s t  l e v e l  f o r  com- 
p a r i s o n  w i t h  d u s t  l e v e l s  i n  t h e  i n f u s e d  
zone.  The f o l l o w i n g  s u r v e y s  were  con- 
d u c t e d  i n  t h e  i n f u s e d  zone:  ( 1 )  when 
t h e  p a n e l  f a c e  was 400 f t  (122 m)  t o  t h e  
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FIGURE 6. - Test  longwall panel. 



r i g h t  of t h e  i n f u s i o n  h o l e  ( t e s t  l ) ,  
( 2 )  when t h e  f a c e  p a s s e d  th rough  t h e  v i -  
c i n i t y  of t h e  i n f u s i o n  h o l e  ( t e s t  2 ) ,  and 
( 3 )  when t h e  f a c e  was abou t  600 f t  ( 1 8 3  
m) t o  t h e  l e f t  of t h e  i n f u s i o n  h o l e  ( t e s t  
3)  ( f i g .  6 ) .  

Dust  measurements were made w i t h  MSA 
Moni to re  model G p e r s o n a l  d u s t  s a m p l e r s .  

mining a r e  summarized i n  t a b l e  1. L ine  1  
shows t h e  a v e r a g e  Mining Resea rch  Es tab-  
l i s h m e n t  (MRE) d u s t  c o n c e n t r a t i o n  f o r  t h e  
n o n i n f u s e d  zone and t h e  t h r e e  s u r v e y s  i n  
t h e  i n f u s e d  zone. The measured d u s t  l ev -  
e l s  a r e  a f f e c t e d  by v a r i a t i o n s  i n  a i r  ve- 
l o c i t y  n e a r  t h e  t a i l  end of t h e  l o n g w a l l  
( l i n e  2) and by c o a l  p r o d u c t i o n  ( l i n e  3 ) ,  
which i n c r e a s e d  by a  f a c t o r  of abou t  3  

A s e t  of f o u r  i n s t r u m e n t s  was hung f rom a  between t h e  f i r s t  and l a s t  s u r v e y .  To 
s h i e l d  d i r e c t l y  o v e r  t h e  c h a i n  conveyor  c o r r e c t  f o r  v a r i a t i o n s  i n  a i r  v e l o c i t y  
and a p p r o x i m a t e l y  100 f t  (30 mj ups t r eam and c o a l  p r o d u c ~ i u u ,  d u s t  c o n c e n t r a t i o n s  
f rom t h e  t a i l g a t e  e n t r y .  I n t a k e  a i r  was 
a l s o  mon i to red  w i t h  a s e t  of f o u r  i n s t r u -  
m e n t s ,  and t h o s e  d u s t  l e v e l s  were sub- 
t r a c t e d  f rom t h e  d u s t  l e v e l s  a t  t h e  t a i l -  
g a t e  s t a t i o n .  Because t h e  v e l o c i t y  of  
t h e  v e n t i l a t i n g  a i r  v a r i e d  f rom 93 t o  
400 f t / m i n  (0 .5  t o  2.0 m/s)  and t h e  ton-  
n a g e  of mined c o a l  v a r i e d  from 630 t o  
3 , 9 4 0  t o n s  (572 t o  3 ,574  t ) 6  between sam- 
p l i n g  s h i f t s ,  a l l  d u s t  measurements were 
d i v i d e d  by tonnage  of c o a l  mined d u r i n g  
t h e  sampl ing  s h i f t  and t h e n  c o r r e c t e d  t o  
a n  a i r  v e l o c i t y  of  300 f t / m i n  (1 .5  m/s) .  
D a t a  f o r  t h e  a i r  v e l o c i t y  c o r r e c t i o n  were 
g e n e r a t e d  by t h e  Mine S a f e t y  and H e a l t h  
A d m i n i s t r a t i o n  (MSHA) f rom a  1978 s u r v e y  
o f  a l l  l o n g w a l l  s e c t i o n s  f o r  compl iance  
w i t h  r e s p i r a b l e  d u s t  s t a n d a r d s  ( 1 4 )  ( f i g .  
7 ) .  T h i s  s u r v e y  showed t h a t  d u s t  l e v e l s  
d u r i n g  mining t e n d e d  t o  be l e s s  on long- 
w a l l s  where a i r  v e l o c i t i e s  a t  t h e  t a i l  
end of t h e  l o n g w a l l  were h i g h e r .  How- 
e v e r ,  where a i r  v e l o c i t i e s  were above 500 

were no rmal i zed  t o  a n  a v e r a g e  a i r  ve loc -  
i t y  of 300 f t l m i n  (1 .5  m/s)  and t h e n  
d i v i d e d  by tonnage  mined d u r i n g  t h e  sam- 
p l i n g  s h i f t .  L ine  4  shows t h e  c o r r e c t e d  
d u s t  c o n c e n t r a t i o n s .  I n  n o n i n f u s e d  c o a l ,  
d u s t  c o n c e n t r a t i o n s  ave raged  0.0045 mg/ 
m 3 t o n 1  (0.0050 mg/m3*t- I )  of mined 
c o a l ,  compared w i t h  0.0016 t o  0.0024 m g /  
m o t o n - '  (0.0018 t o  0.0026 mg/m3*t- I )  i n  
t h e  i n f u s e d  zone. Thus ,  w a t e r  i n f u s i o n  
r educed  t h e  g e n e r a t i o n  of r e s p i r a b l e  d u s t  
d u r i n g  mining by 47 t o  64 p c t  ( l i n e  5 ) .  
Average d u s t  r e d u c t i o n  was 58 p c t .  

Because of day-to-day v a r i a t i o n s  i n  
d u s t  l e v e l s  and v a r i a t i o n s  between d u s t  
s ampl ing  p e r i o d s ,  t h e  d u s t  d a t a  were ana- 
l y z e d  s t a t i s t i c a l l y  u s i n g  t h e  t t e s t  t o  
d e t e r m i n e  i f  t h e  d i f f e r e n c e s  between t h e  
a v e r a g e  d u s t  l e v e l s  i n  n o n i n f u s e d  and in -  
f u s e d  c o a l  ( l i n e  4) a r e  s i g n i f i c a n t  ( 8 ) .  
The t t e s t  i n v o l v e s  s e t t i n g  up t h e  Xy- 
p o t h e s i s  t h a t  no d i f f e r e n c e  e x i s t s  be- 

f t / m i n  (2 .5  m / s ) ,  d u s t  l e v e l s  i n c r e a s e d  tween a v e r a g e  d u s t  l e v e l s  i n  i n f u s e d  and 
b e c a u s e  of d u s t  e n t r a i n m e n t .  n o n i n f u s e d  c o a l .  A t v a l u e  i s  computed 

f o r  t h e  e x p e r i m e n t a l  d a t a  and t h e n  com- 
The e f f e c t s  of w a t e r  i n f u s i o n  on r e s p i -  p a r e d  w i t h  a  t h e o r e t i c a l  t v a l u e  f o r  a  

r a b l e  d u s t  g e n e r a t i o n  d u r i n g  l o n g w a l l  g i v e n  p r o b a b i l i t y  l e v e l .  I f  t h e  computed 

- t i s  g r e a t e r  t h a n  t h e  t h e o r e t i c a l  t f o r  a  
61 t ( m e t r i c  t o n )  = 2 , 2 0 5  lb. g i v e n  p r o b a b i l i t y  l e v e l ,  t h e  c o n c l u s i o n  

TABLE 1 .  - E f f e c t s  of i n f u s i o n  on d u s t  g e n e r a t i o n  

E f f e c t  

. Average MRE conc.  ........... .mg/m3. ........ Average a i r  v e l o c i t y  ft/min.. .. ........... P r o d u c t i o n  . . . t o n s / s h i f t  
C o r r e c t e d  MRE conc ,  

p e r  t o n . .  .................. .mg/m3.. 
Dust  r e d u c t i o n  . . . . . . . . . . . . . . . . .p  ct., 
Average w a t e r  u s e  . . . . . . . . . . . . . .g  al.. 
Average w a t e r  u s e  . . . . . . . . . .g  a l / t o n . .  
NAp Not a p p l i c a b l e .  

Noninfused 
zone  

5.2 
190 
8  30 

0.0045 
NAP 

10 ,200 
12.3 

I n f u s e d  zone 
T e s t  1  

2.3 
340 

1 ,010  

0.0024 
47 

9 , 5 0 0  
9.4 

T e s t  2  
2.4 
350 

1 ,420  

0.0017 
62 

10,500 
7  .4 

T e s t  3 
4.8 
240 

2 ,680 

0.0016 
64 

14,700 
5.5 
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FIGURE 7. - A i r  velocity correction. 

i s  t h a t  d i f f e r e n c e s  a r e  s i g n i f i c a n t .  A 
computed t l e s s  t h a n  t h e  t h e o r e t i c a l  t 
i m p l i e s  t h a t  t h e  d i f f e r e n c e s  a r e  n o t  
s i g n i f i c a n t  . 

The average  d u s t  l e v e l  of each  t e s t  i n  
i n f u s e d  c o a l  was compared t o  t h e  average  
d u s t  l e v e l  i n  non in fused  c o a l .  The c a l -  
c u l a t e d  t v a l u e s  were i n  each  c a s e  g r e a t -  
e r  t h a n  t h e  t h e o r e t i c a l  t v a l u e  a t  t h e  
1-pct  p r o b a b i l i t y  l e v e l .  Thus, t h e  prob- 
a b i l i t y  t h a t  no d i f f e r e n c e s  e x i s t  between 
d u s t  l e v e l s  i n  non in fused  and i n f u s e d  
c o a l  i s  only  1  p c t  o r  l e s s .  S t a t e d  i n  
a n o t h e r  way, t h e  p r o b a b i l i t y  i s  99 p c t  o r  
g r e a t e r  t h a t  wa te r  i n f u s i o n  s u p p r e s s e s  
d u s t  g e n e r a t i o n  d u r i n g  mining.  

s h i f t  d u r i n g  t h e  s t u d y  i s  shown i n  l i n e  
6. No changes were made t o  t h e  s h e a r e r ' s  
s p r a y  system d u r i n g  t h e  s tudy .  Line 7  
shows t h a t  t h e  water  consumed by t h e  
s p r a y  s y s  tem g r a d u a l l y  d e c r e a s e d  from 
12.3 g a l l t o n  (65.8 ~ / m ~ )  of mined c o a l  
d u r i n g  t h e  f i r s t  su rvey  t o  5.5 g a l l t o n  
(29.4 ~ / m ~ )  d u r i n g  t h e  l a s t  su rvey .  One 
would expec t  d u s t  c o n c e n t r a t i o n s  t o  i n -  
c r e a s e ,  but  t h e  t h r e e  s u r v e y s  i n  t h e  i n -  
f u s e d  zone ( l i n e  4) show t h a t  d u s t  con- 
c e n t r a t i o n s  g e n e r a l l y  dec reased .  These 
d a t a  s u g g e s t  t h a t  i n c r e a s i n g  t h e  wa te r  
consumption of t h e  s p r a y  sys tem above 5.5 
g a l l t o n  (29.4 ~ / m ~ )  of mined c o a l  i n  t h e  
Lower Sunnyside Coalbed would n o t  be e f -  
f e c t i v e  i n  s u p p r e s s i n g  r e s p i r a b l e  d u s t  
d u r i n g  mining.  

The average  q u a n t i t y  of wa te r  used by 
t h e  s p r a y  sys tem of t h e  s h e a r e r  each  

COST EFFECTIVENESS 

According t o  a  1978 MSHA survey (12)  70 t h e  g e n e r a t i o n  of r e s p i r a b l e  d u s t  d u r i n g  
p c t  of longwal l  mining o p e r a t i o n s  employ- mining by a s  much a s  64 p c t ,  shou ld  r e -  
i n g  a  double-drum s h e a r e r  were n o t  i n  duce t h e  h i g h - r i s k  o c c u p a t i o n a l  exposure  
compliance w i t h  t h e  2.0-mg/m3 d u s t  s t a n -  w e l l  below t h e  2. 0-mg/m3 s t a n d a r d .  Thus, 
d a r d ,  and t h e  average  h i g h - r i s k  occupa- p r o d u c t i o n  could  be i n c r e a s e d  w i t h o u t  ex- 
t i o n a l  exposure  ( s h e a r e r  o p e r a t o r )  was ceed ing  t h e  2.0-mg/m3 s t a n d a r d .  
2.6 mg/m3. Water i n f u s i o n ,  which reduces  



Time and motion s t u d i e s  on double-drum 
s h e a r e r s  employing u n i d i r e c t i o n a l  mining 
show t h a t  t h e  a c t u a l  working t ime of t h e  
s h e a r e r  averages  180 m i n / s h i f t .  Th i s  can 
b e  d i v i d e d  f u r t h e r  i n t o  c u t t i n g ,  c lean-  
i n g ,  and turnaround t imes ( t a b l e  2) ( 6 ) .  
Coal c u t t i n g  i s  p r i m a r i l y  i n  one d i r e c -  
t i o n ,  w i t h  t h e  r e t u r n  pass  used t o  c l e a n  
up. Thus, i f  b i d i r e c t i o n a l  mining is  in -  
t roduced ,  an a d d i t i o n a l  35 m i n / s h i f t  i s  

pane l  where 1,500 tons  of c o a l  a r e  pro- 
duced per  s h i f t  by u n i d i r e c t i o n a l  mining.  
With b i d i r e c t i o n a l  mining,  c u t t i n g  time 
i n c r e a s e s  from 117 t o  152 m i n / s h i f t ,  and 
consequen t ly  c o a l  p roduc t ion  i n c r e a s e s  t o  
1 ,950 tons  p e r  s h i f t .  The same 5,000-f t  
(1,524-m) pane l  can then  be mined i n  210 
d a y s ,  o r  63 days l e s s  than w i t h  u n i d i r e c -  
t i o n a l  mining. 

a v a i l a b l e  f o r  c o a l  c u t t i n g  and i n c r e a s i n g  An economic a n a l y s i s  of c o s t s  a s s o c i -  
product  ion .  a t e d  w i t h  mining of one longwal l  pane l  is  

shown i n  t a b l e  4  ( 9 ) .  C a p i t a l  c o s t s  a r e  
TABLE 2. - Working t ime d i s -  h i g h e r  f o r  b i d i r e c t i o n a l  s h e a r i n g  because  

t r i b u t i o n  of s h e a r e r  t h e  c o s t s  of d r i l l i n g  and i n f u s i o n  equip-  
ment a r e  inc luded .  A water  i n f u s i o n  t e s t  

Time, on a  r e t r e a t i n g  longwal l  i n  t h e  Lower 
Opera t ion  min / sh i f  t Sunnvside Coalbed i n d i c a t e d  t h a t  one in -  

f u s i o n  h o l e  w i l l  s a t u r a t e  over  800 f t  ............. C u t t i n g  117 (244 m) of t h e  panel .  Consequent ly ,  s i x  
Cleaning. . .  ......... 35 h o l e s  spaced 800 f t  (244 m) a p a r t  a r e  
Turnaround.. . . . . . . . .  28 r e q u i r e d  t o  s a t u r a t e  a  5 ,000-f t  (1,524-111) 

pane l .  The l a b o r  requirement  f o r  d r i l l -  
Tab le  3  shows t h a t  273 working days  a r e  i n g  and i n f u s i n g  a  5 ,000-f t  (1,524-m) 

r e q u i r e d  t o  mine a  5 ,000-f t  (1,524-m) longwal l  i s  120 man-days, which i n c r e a s e s  

TABLE 3. - U n i d i r e c t i o n a l  v e r s u s  b i d i r e c t i o n a l  mining 
of  longwal l  

TABLE 4. - Economic summary (mining of one longwal l )  

Longwall d imensions . . . . . . f t . .  
Tons pe r  pane l  ............... 
C u t t i n g  t ime ...... m i n / s h i f t . .  
Cleaning t ime. . .  . . m i n / s h i f t . .  
Product ion.  ...... t o n s / s h i f t . .  
P roduc t ion  ......... tons/min.  . 
S h i f t s  p e r  day ............... 
Run of mine.. ..... . tons/day. .  
R e j e c t  ..................p ct.. 
Clean coa l . .  ....... tons /day  .. 
Clean c o a l  ....... t o n s / p a n e l . .  
Mining t ime ...... days /pane l . .  

U n i d i r e c t i o n a l  
mining 

5,000 x 550 x 7 
818,100 

117 
35 

1 ,500 
12.8 

2  
3,000 

15 
2,550 

696,000 
273 

C a p i t a l  c o s t 1 . .  ....................... 
Production...........tons c l e a n  c o a l . .  
Opera t ing  c o s t 1  ....................... 
Opera t ing  c o s t  p e r  t o n  of c l e a n  coa l . .  
C a p i t a l  c o s t  p e r  t o n  of c l e a n  coa l . . . .  

B i d i r e c t i o n a l  
mining 

5,000 x 550 x 7 
818,100 

152 
0  

1,950 
12.8 

2  
3,900 

15 
3,310 

696,000 
2  10 

' c o s t s  updated t o  1981. 

U n i d i r e c t i o n a l  
mining 

( 2 7 3  days )  
$6,370,000 

696,000 
$3,157,000 

$4.54 
$9.15 

B i d i r e c t i o n a l  mining 
w i t h  wa te r  i n f u s i o n  

(210 days)  
$6,407,000 

696,000 
$2,428,000 

$3.49 
$9.21 



o p e r a t i n g  c o s t s .  However, t h i s  i n c r e a s e  p reced ing  a n a l y s i s  was conducted f o r  a  
i s  c o u n t e r b a l a n c e d  by t h e  d e c r e a s e  i n  longwal l  p roduc t ion  of 1 ,500  t o n s  pe r  
o p e r a t i n g  c o s t s ,  because  63 fewer days  s h i f t .  A s i m i l a r  a n a l y s i s  f o r  a  longwal l  
( 1 , 3 8 6  fewer man-days) a r e  r e q u i r e d  t o  p r o d u c t i o n  of 800 t o n s  pe r  s h i f t  a l s o  
mine t h e  p a n e l  w i t h  b i d i r e c t i o n a l  mining shows a  23-pct r e d u c t i o n  i n  o p e r a t i n g  
( t a b l e  3)  and o p e r a t i n g  c o s t s  p e r  t o n  of c o s t s  when b i d i r e c t i o n a l  mining w i t h  
c l e a n  c o a l  d e c r e a s e  from $4.54 t o  $3.49, w a t e r  i n f u s i o n  i s  employed. 
a  r e d u c t i o n  of 23 p c t  ( t a b l e  4 ) .  The 

INTERACTION OF FACE A I R  VELOCITY AND WATER INFUSION 

The p r i n c i p a l  means f o r  d i l u t i n g  and 
removing r e s p i r a b l e  d u s t  on longwal l  min- 
i n g  o p e r a t i o n s  i n  t h e  Uni ted  S t a t e s  i s  
f a c e  v e n t i l a t i n g  a i r .  The average  f a c e  
a i r  v e l o c i t y  measured a t  t h e  midpoint  of 
t h e  f a c e  on double-drum s h e a r e r s  i n  t h e  
Uni ted  S t a t e s  i s  285 f t / m i n  (1.4 m/s ) .  
Exper ience  i n d i c a t e s  a  h i g h e r  f a c e  a i r  
v e l o c i t y  of approx imate ly  450 t o  500 f t /  
min (2 .3  t o  2.5 m/s)  ( f i g .  8 )  ( 1 2 )  i s  re- 
q u i r e d  t o  minimize t h e  s h e a r e r  o p e r a t o r ' s  
r e s p i r a b l e  d u s t  exposure .  I n  a d d i t i o n  t o  
t h e  d i l u t i o n  e f f e c t ,  h i g h e r  a i r  veloc-  
i t i e s  tend  t o  keep a i r b o r n e  d u s t  n e a r e r  
t h e  f a c e ,  a g a i n  r e d u c i n g  t h e  o p e r a t o r ' s  
r e s p i r a b l e  d u s t  exposure .  

S t u d i e s  i n  t h e  F e d e r a l  Repub l ic  of Ger- 
many i n d i c a t e  s i m i l a r  r e s u l t s  ( f i g .  9 ) .  
The optimum f a c e  a i r  v e l o c i t y  i s  abou t  

450 t o  500 f t / m i n  (2 .3  t o  2.5 m/s)  when 
t h e  m o i s t u r e  c o n t e n t  of t h e  c o a l  i s  3  t o  
4  w t  p c t  ( 1 2 ) .  Air v e l o c i t i e s  exceed ing  
500 ft/min(2.5 m/s) r e s u l t  i n  i n c r e a s e d  
d u s t  c o n c e n t r a t i o n s ,  becausc  t h c  d u s t  en- 
t r a i n m e n t  e f f e c t  i s  g r e a t e r  t h a n  t h e  d i -  
l u t i o n  e f f e c t .  However, when t h e  mois- 
t u r e  c o n t e n t  of t h e  c o a l  i s  5 t o  8  w t  
p c t ,  v e l o c i t i e s  up t o  abou t  900 f t / m i n  
(4.5 m/s)  a r e  p o s s i b l e  b e f o r e  d u s t  en- 
t r a i n m e n t  occurs .  

I n f u s i o n  of w a t e r  i n t o  a  l o n g w a l l  pane l  
i s  t h e  only  known method of i n c r e a s i n g  
t h e  m o i s t u r e  c o n t e n t  of c o a l  b e f o r e  min- 
ing .  Analyses of c o a l  samples t a k e n  from 
a  longwal l  f a c e  i n  t h e  Lower Sunnyside 
Coalbed showed t h a t  t h e  average  i n  s i t u  
m o i s t u r e  c o n t e n t  of t h e  c o a l  is  3.7 w t  
p c t .  A f t e r  i n f u s i o n  of w a t e r  i n t o  t h e  

AVERAGE FACE AIR VELOCITY, ft/min 

FIGURE 8. - Effect of ventilation on shearer operatoras d u s t  exposure. 



AVERAGE FACE AIR VELOCITY, ft/min 
FIGURE 9. - Ef fect  of moisture content of coal on dust. 

pane l ,  t h e  mo i s tu r e  con t en t  of c o a l  Sam- d u s t  en t ra inment  e f f e c t  beg ins  t o  oper- 
p l e s  t aken  from t h e  f a c e  had i nc r ea sed  a t e .  These h i g h e r  a i r  v e l o c i t i e s ,  i n  ad- 
t o  5.0 w t  p c t .  Thus, i f  t h e  German s tud-  d i t i o n  t o  reduc ing  a i r b o r n e  dus t  l e v e l s  
i e s  app ly  t o  t h e  Lower Sunnyside Coalbed, by d i l u t i o n ,  p reven t  t h e  d u s t  from "bo i l -  
f a c e  a i r  v e l o c i t i e s  i n  excess  of 500 f t /  i n g  back" over  t h e  s h e a r e r  o p e r a t o r .  
min (2.5 m/s) a r e  p o s s i b l e  be fo r e  t h e  

SUMMARY AND CONCLUSIONS 

Water i n f u s i o n  i s  an  e f f e c t i v e  and eco- 
nomical method of reduc ing  t h e  gene ra t i on  
o f  r e s p i r a b l e  d u s t  on longwal l s .  Dust 
r e d u c t i o n s  averag ing  58 p c t  were demon- 
s t r a t e d  i n  t h e  Lower Sunnyside Coalbed. 
Th i s  l a r g e  r educ t i on  was due t o  t h e  addi-  
t i o n  of on ly  1.7 g a l l t o n  (9.1 ~ / r n ~ )  of 
c o a l ;  i n  c o n t r a s t ,  t h e  s p r a y  system of 
t h e  mining machine u t i l i z e s  more t han  5.5 
g a l l t o n  (29.4 ~ / m ~ )  of mined coa l .  

Seventy pe r cen t  of double-drum s h e a r e r  
o p e r a t i o n s  a r e  no t  i n  compliance w i th  

t h e  2.0-mg/m3 d u s t  s t anda rd .  The average  
exposure  of t h e  s h e a r e r  o p e r a t o r  i s  2.6 
m g / m 3 ;  t h i s  can be reduced by wate r  i n fu -  
s i o n  w e l l  below t h e  2.0-mg/m3 s t anda rd .  
Thus,  c o a l  p roduc t ion  can be i nc r ea sed  by 
changing from u n i d i r e c t i o n a l  t o  b i d i r e c -  
t i o n a l  mining w i t h  wate r  i n f u s i o n ,  with- 
o u t  exceeding t h e  2.0-mg/m3 s t anda rd .  
I nc r ea se s  i n  c a p i t a l  and o p e r a t i n g  c o s t s  
a s s o c i a t e d  w i t h  wate r  i n f u s i o n  a r e  i n s i g -  
n i f i c a n t  compared t o  t h e  23-pct s av ings  
i n  o p e r a t i n g  c o s t s  caused by i nc r ea sed  
c o a l  p roduc t ion .  



Because w a t e r  i n f u s i o n  i n c r e a s e s  t h e  
m o i s t u r e  c o n t e n t  of  t h e  c o a l b e d ,  v e n t i l a -  
t i o n  v e l o c i t i e s  i n  e x c e s s  of 500 f t / m i n  
(2 .5  m/s) r educe  d u s t  l e v e l s  f u r t h e r  by 
d i l u t i o n  and p r e v e n t  g e n e r a t e d  d u s t  from 
" b o i l i n g  back" o v e r  t h e  s h e a r e r  o p e r a t o r .  
German s t u d i e s  show v e l o c i t i e s  up t o  900 
f t / m i n  (4 .5  m/s)  a r e  p o s s i b l e  b e f o r e  d u s t  
e n t r a i n m e n t  o c c u r s  when m o i s t u r e  c o n t e n t  
of  t h e  coa lbed  i s  i n c r e a s e d .  

The technology f o r  i n f u s i o n  of w a t e r  
i n t o  r e t r e a t i n g  longwal l  p a n e l s  h a s  been 
developed.  D r i l l i n g  equipment i s  a v a i l -  
a b l e  commercia l ly ,  and p rocedures  and 
m a t e r i a l s  f o r  e f f e c t i v e l y  s e a l i n g  w a t e r  
i n f u s i o n  h o l e s  a r e  a v a i l a b l e .  A Bureau- 
des igned  packer  r educes  t h e  c o s t  of  s e a l -  
i n g  one h o l e  from $50,000 t o  $250. 
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