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I TRIBOELECTRIC EFFECTS ON POLYETHYLENE METHANE DRAINAGE PIPELINES I 
By A. A. Campol i , '  J. ~ e r v i k , ~  and R. L.  in^^ 

ABSTRACT 

The Bureau of Mines performed l a b o r a t o r y  exper iments  t o  e v a l u a t e  t h e  
t r i b o e l e c t r i c  e f f e c t  of p a r t i c u l a t e - l a d e n  gas  s t reams  on po lye thy lene  
p i p e  a t  v a r i o u s  v e l o c i t y ,  humid i ty ,  d u s t - s i z e ,  and dust- load c o n d i t i o n s .  
Charges i n  excess  of 10 kV were produced on t h e  o u t s i d e  and i n s i d e  
s u r f a c e s  of l a b o r a t o r y  p i p e  samples ,  when exposed t o  40 p c t  r e l a t i v e  hu- 
m i d i t y  (RH) gas  s t ream con t a in ing  c o a l  d u s t .  However, no charges  were 
produced i n  l abo ra to ry  t e s t s  t h a t  d u p l i c a t e d  t h e  over  75 p c t  RH and 
d u s t - f r e e  ga s  s t reams found i n  working underground p i p e l i n e s .  Bare cop- 
p e r  w i r e ,  which i s  wound around t h e  po lye thy lene  p i p e  i n  a  1-f t  (31-cm) 
spac ing  and grounded, e l im ina t ed  t h e  charge  on t h e  o u t s i d e  s u r f a c e  of 
t h e  p i p e ,  bu t  no t  on t h e  i n s i d e  of t h e  p i p e  s u r f a c e ,  

 inin in^ eng ineer .  
2 ~ u p e r v i s o r y  geophys i c i s t .  
3 ~ e s e a r c h  s u p e r v i s o r .  

I 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 Bureau of  Mines e s t i m a t e s  t h a t  
a s  much a s  766 t r i l l i o n  c u b i c  f e e t  
( 7 . 1 2 ~  10 ' Om3) of coa lbed  g a s ,  predomi- 
n a n t l y  methane,  i s  c o n t a i n e d  i n  t h e  coa l -  
beds  of t h e  Uni ted S t a t e s  (1 ) .4  Th is  g a s  
i s  bo th  a  n a t u r a l  r e s o u r c e  and a  h in -  
d r a n c e  t o  mining. Methane d r a i n a g e  s y s -  
tems have been employed i n  most major 
c o a l  r e g i o n s  of t h e  United S t a t e s  t o  re-  
move g a s  from t h e  coa lbed  p r i o r  t o  mining 
a n d / o r  c a p t u r e  t h e  coa lbed  g a s  f o r  f u e l .  

Methane d r a i n a g e  systems employ h o r i -  
z o n t a l ,  v e r t i c a l ,  and cross-measure bore- 
h o l e s .  V e r t i c a l  boreho le  sys tems (2) 
c o n s i s t  of h o l e s  d r i l l e d  from t h e  s u r f a c e  
i n t o  t h e  gas-bear ing c o a l  s t r a t a .  The 
b o r e h o l e s  a r e  cased w i t h  m e t a l  p i p e ,  
which p r o v i d e s  t h e  c o n d u i t  f o r  t h e  f low 
o f  g a s  from t h e  gas-bear ing s t r a t a  t o  
t h e  s u r f a c e .  H o r i z o n t a l  (3)  and c r o s s -  
measure ( 4 )  s y s t e o s  r e q u i r e  t h e  d r i l l i n g  
of b o r e h o i e s  i n t o  t h e  coalbed o r  a s s o c i -  
a t e d  s t r a t a  from underground l o c a t i o n s .  
The boreho les  a r e  cnnnected t o  a n  under- 
ground p i p e l i n e  t h a t  c a r r i e s  t h e  g a s  t o  
t h e  s u r f a c e .  

Methane, which i s  p iped  through mine 
passageways i n  q u a n t i t i e s  s u f f i c i e n t  t o  
con tamina te  l a r g e  a r e a s  of t h e  mine,  j u s -  
t i f i e s  c a u t i o n  and concern i n  t h e  d e s i g n ,  
i n s t a l l a t i o n ,  p r o t e c t i o n ,  and maintenance 

of t h e  underground p i p e l i n e .  Both t h e  
Bureau ( 5 )  and t h e  Mine S a f e t y  and H e a l t h  
~ d m i n i s t r a t i o n  (MSHA) , U. S  . Department of 
Labor ( 6 ) ,  o u t l i n e d  procedures  f o r  t h e  
s a f e  o p e r a t i o n  of underground methane 
d r a i n a g e  p i p e l i n e s .  These r e p o r t s  shou ld  
be c o n s u l t e d  f o r  a  g e n e r a l  overview of 
p i p e l i n e  p r o t e c t i o n  requ i rements .  

The Bureau s t u d y  ( 5 )  - provided t h e  b a s i s  
f o r  t h e  p i p e l i n e  m a t e r i a l  s e l e c t i o n .  
Po lye thy lene  p i p e  b e s t  meets t h e  d e s i g n  
c r i t e r i o n  because  of i t s  s u p e r i o r  r e s i s t -  
ance  t o  c o r r o s i o n  and impact f o r c e s .  It 
a l s o  i s  a t t r a c t i v e  t o  mine o p e r a t o r s  be- 
c a u s e  i t  i s  l i g h t w e i g h t ,  e a s y  t o  i n s t a l l ,  
and s i g n i f i c a n t l y  cheaper  t h a n  meta l  
p ip ing .  

I n  a n  a t t e m p t  t o  nega te  any hazard  
produced by t h e  t r i b o e l e c t r i f i c a t i o n  of 
po lye thy lene  p i p e ,  MSHA recommends t h a t  a  
grounded b a r e  copper w i r e  be s p i r a l l y  
wound around a l l  po lye thy lene  p ip ing .  
The recommendation was i n c o r p o r a t e d  i n  
many of t h e  methane d r a i n a g e  systems now 
i n  p l a c e  a c r o s s  t h e  United S t a t e s .  The 
o b j e c t i v e s  of t h i s  s t u d y  were t o  o b t a i n  a  
b e t t e r  unders tand ing  of t h e  t r i b o e l e c t r i -  
f i c a t i o n  p r o c e s s  a s  i t  r e l a t e s  t o  t h e  un- 
derground po lye thy lene  methane d r a i n a g e  
p i p e l i n e  and t o  e v a l u a t e  t h e  recommended 
grounding s a f e t y  procedure .  
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STATIC ELECTRICITY AND GAS-PIPING SYSTEMS 

To t h e  average  person  t h e  words,  " s t a t -  walking a c r o s s  a  c a r p e t e d  f l o o r ,  n o i s e  i n  
i c  e l e c t r i c i t y , "  mean t h e  shock e x p e r i -  a  r a d i o  r e c e i v e r ,  o r  t h e  tendency f o r  
enced when touch ing  a  doorknob a f t e r  c l o t h e s  t o  c l i n g  o r  s t i c k  t i g h t l y .  Near- - 

l y  everyone recognizes  t h a t  t h e s e  phenom- 
4 ~ n d e r l i n e d  numbers i n  p a r e n t h e s e s  re- ena  a r e  more i n t e n s e  when weather  i s  d r y .  

f e r  t o  i t ems  i n  t h e  l i s t  of r e f e r e n c e s  a t  I n  most s i t u a t i o n s ,  s t a t i c  e l e c t r i c i t y  is  
t h e  end of t h i s  r e p o r t .  s imply a n  annoyance. 



The term " e l e c t r i c i t y "  is de r i ved  from 
t h e  a n c i e n t  Greek word " e l e c t r o n "  meaning 
"amber," because i t  was w i th  t h i s  sub- 
s t a n c e  t h a t  t h e  phenomenon of e l e c t r i -  
f i c a t i o n  was f i r s t  observed. For cen- 
t u r i e s ,  t h e  term meant on ly  what i s  now 
c a l l e d  s t a t i c  e l e c t r i c i t y ,  t h e  p rope r ty  
e x h i b i t e d  by some subs t ances  a f t e r  be ing  
rubbed w i th  m a t e r i a l  l i k e  s i l k  o r  wool 
of being a b l e  t o  a t t r a c t  o r  r e p e l  l i g h t -  
weight  o b j e c t s .  Mechanization produced 
s t r o n g e r  e l e c t r i f i c a t i o n  t h a t  was f i r s t  
observed about  300 y e a r s  ago ( 7 ) ,  and i n  
comparat ively  r e c e n t  t i m e s ,  tGe proper- 
t i e s  of "flowing" e l e c t r i c i t y  were d i s -  
covered;  t h e  word " s t a t i c "  t hen  came i n t o  
u s e  a s  a  means of d i s t i n g u i s h i n g  t h e  two 
forms. The i m p l i c a t i o n  t h a t  s t a t i c  e l e c -  
t r i c i t y  i s  always a t  r e s t  i s  e r roneous ,  
because such  e l e c t r i c i t y  c ause s  t h e  most 
concern when i t  cea se s  t o  r e s t .  

For t h e  s ake  of s i m p l i c i t y ,  one may 
imagine e l e c t r i c i t y  t o  be a we igh t l e s s  
and i n d e s t r u c t i b l e  f l u i d  t h a t  can move 
f r e e l y  through some s u b s t a n c e s ,  such a s  
m e t a l s ,  t h a t  a r e  c a l l e d  conduc tors ,  bu t  
c a n  flow wi th  d i f f i c u l t y  o r  not  a t  a l l  
through o r  over  t h e  s u r f a c e  of a  c l a s s  of 
subs t ances  c a l l e d  nonconductors o r  in -  
s u l a t o r s .  Th is  l a t t e r  group i n c l u d e s  
g a s e s ,  g l a s s ,  r ubbe r ,  amber, r e s i n ,  s u l -  
f u r ,  p a r a f f i n ,  most d ry  petroleum o i l s ,  
and many p l a s t i c  m a t e r i a l s  such a s  poly- 
e t h y l e n e  p ipe .  When e l e c t r i c i t y  i s  pres -  
e n t  on t h e  s u r f a c e  of a  nonconductive 
body, where i t  is prevented from escap-  
i n g ,  i t  i s  c a l l e d  s t a t i c  e l e c t r i c i t y .  
E l e c t r i c i t y  on a  conduct ing body t h a t  is 
i n  c o n t a c t  only w i th  i n s u l a t o r s  i s  a l s o  
prevented from e scap ing  and i s  t h e r e f o r e  
nonmobile o r  s t a t i c .  I n  e i t h e r  c a s e ,  t h e  
body on which t h i s  e l e c t r i c i t y  is  ev iden t  
i s  s a i d  t o  be charged (7 ) .  

S t a t i c  charges  on po lye thy l ene  ga s  d i s -  
t r i b u t i o n  p i p e l i n e s  have long  been a  con- 
c e r n  t o  n a t u r a l  gas  u t i l i t i e s  and p i p e  
manufac ture rs  (8-9). Of primary concern - -  
i s  t h e  " b e l l  ho l e "  f i r e  caused by s t a t i c  
e l e c t r i c i t y .  A " b e l l  ho l e "  i s  dug around 
a  damaged s e c t i o n  of a  bur ied  gas  t r a n s -  
miss ion  p ipe  t o  p rov ide  acce s s  f o r  r e -  
p a i r .  Sparks from t h e  p ipe  can i g n i t e  
exp lo s ive  mix tures  of t h e  n a r u r a l  ga s  and 
a i r  when t h e  worker e n t e r s  t h e  " b e l l  

ho l e "  w i t h  a  t o o l  t o  squeeze o f f  t h e  
p l a s t i c  p ipe .  

In  t h e  p reced ing  example, charges  were 
genera ted  by t h e  extremely h igh  v e l o c i t y  
gas  f low through a  r up tu r e .  Charges a l s o  
occur  a t  lower v e l o c i t i e s  by t h e  a d d i t i o n  
of a  p a r t i c u l a t e  m a t t e r  (9) .  Whether 
genera ted  by rup tu r e  l e a k s  o r  dus t - l aden  
gas  f l ows ,  t h e  s t a t i c  charges  a r e  t h e  re-  
s u l t  of t r i b o e l e c t r i f i c a t i o n .  Gas mole- 
c u l e s  and p a r t i c u l a t e s  v igo rous ly  r u b  t h e  
s u r f a c e  of t h e  p i p e  caus ing  a  t r a n s f e r  of 
e l e c t r o n s  t o  t h e  nonconductive p ipe .  
Conductive p ipe  used i n  t h e  same app l i c a -  
t i o n  would n o t  change t h e  charg ing  pro- 
c e s s ;  however, i t  would provide a  pa th  
f o r  t h e  t r i b o e l e c t r i c i t y  t o  ground. 

The "wet-rag" t echn ique  i s  accep ted  a s  
t h e  b a s i c  s a f e t y  procedure  f o r  removal 
of s t a t i c  e l e c t r i c i t y  p r i o r  t o  r e p a i r  of 
po lye thy lene  gas  p i p e l i n e s .  Wet r a g s  a r e  
wrapped around t h e  p ipe  t o  i n c r e a s e  t h e  
s u r f a c e  conduc t i v i t y .  Th is  i n c r e a s e  i n  
c o n d u c t i v i t y  caused by t h e  a d d i t i o n  of  
mois tu re  does  n o t  e l i m i n a t e  t h e  charge- 
gene ra t i on  mechanism; i t  on ly  p rov ides  a 
p a t h  t o  ground f o r  t h e  s t a t i c  e l e c r i c i t y .  
The techn ique  i s  q u i t e  e f f e c t i v e  i n  re -  
moving t h e  charge from t h e  o u t s i d e  su r -  
f a c e  ( 9 ) .  However, i t s  e f f e c t i v e n e s s  i n  
removiZg cha rges  from t h e  i n s i d e  s u r f a c e  
is adve r se ly  e f f e c t e d  by p ipe  w a l l  t h i ck -  
ne s s .  Tab le  1  shows t h a t  a s  w a l l  t h i ck -  
n e s s  i n c r e a s e s ,  t h e  wet-rag techn ique  be- 
comes l e s s  e f f e c t i v e  i n  removing s t a t i c  
charges  from t h e  i n s i d e  s u r f a c e  of t h e  
p ipe  (9) .  Most methane d r a inage  pipe- 
l i n e s  a r e  4 i n  (10  cm) o r  l a r g e r .  A l -  
though no d a t a  a r e  p resen ted  on t h e  4 i n  

TABLE 1. - E f f e c t  of w a l l  t h i cknes s  
on r educ t i on  of i n t e r n a l  charge  
u s ing  wet-rag techn ique  

I Wall I I n t e r n a l  
P ipe  s i z e ,  i n  I t h i c k n e s s ,  1 d i s c h a r g e ,  

B................ 1 .76 NA 
NA Not a v a i l a b l e .  



(10 cm) o r  l a r g e r  p ipe  s i z e s ,  t h e  g e n e r a l  
t r e n d  i s  a r educ t ion  i n  e f f e c t i v e n e s s  of 
o u t s i d e  grounding i n  removing i n s i d e  sur -  
f  a ce  charges .  

The polye thylene  p ipe  employed i n  c o a l  
mine methane dra inage  i s  t h e  same a s  
t h e  p ipe  used by t h e  n a t u r a l  gas  indus- 
t r y ;  however, t h e  g a s  flow v e l o c i t i e s  
and p i p e l i n e  environment a r e  d i f f e r e n t .  
Coalbed methane d ra inage  systems u t i l i z e  
t h e  n a t u r a l  coalbed p re s su re  t o  move t h e  
g a s ,  and p i p e l i n e  p re s su re s  a r e  g e n e r a l l y  
5 l b f / i n 2  (34 kPa) o r  less compared w i t h  
more t han  30 l b f / i n 2  (207 kPa) i n  n a t u r a l  
g a s  t ransmiss ion  systems. Consequently,  
much h i g h e r  v e l o c i t i e s  and t h e  p o s s i b i l -  
i t y  of extreme v e l o c i t i e s  due t o  p inhole  

LABORATORY 

Laboratory appa ra tu s  was assembled t o  
s imu la t e  a v a r i e t y  of v e l o c i t y ,  d u s t  con- 
c e n t r a t i o n ,  and humidity cond i t i ons  i n  
and around polye thylene  p ipe  samples. A 
50-hp (37-kW) , 7 4 0 4  t3/min (0.35-m3/s) 
water-r ing vacuum pump was used t o  gen- 
e r a t e  t h e  a i r s t r e a m  through t h e  p i p e  sam- 
p l e s .  Gas-stream v e l o c i t i e s  were mea- 
su red  wi th  a p i t o t  tube  ( f i g .  l ) ,  and 
r e l a t i v e  humidity and temperature  were 
measured wi th  psychrometers ( f i g .  2) . 
P i p e  samples were connected t o  t h e  pump 
w i t h  6-in (15-cm) f l e x i b l e  s u c t i o n  tub- 
ing .  P a r t i c u l a t e s  were hand-fed i n t o  t h e  
i n l e t  end of t h e  p i p e  samples. 

Four types  of medium-density polyethy- 
l e n e  p i p e  used f o r  ga s  t r a n s i s s i o n  were 
t e s t e d :  DuPont type  2,  Drisco type  2,  
Dr i sco  type  3 ,  and Plexco type  3. Type 2 
p ipe  i s  orange. Type 3 is  b lack  owing t o  
t h e  a d d i t i o n  of carbon b l ack ,  which pre- 
v e n t s  t h e  development of b r i t t l e n e s s  when 
t h e  p ipe  i s  exposed t o  u l t r a v i o l e t  l i g h t .  
Thus, c a r e  must be taken  i n  t h e  s t o r a g e  
of t h e  type  2 p ipe  because s t r u c t u r a l  
degrada t ion  may r e s u l t .  Owing t o  t h e  
p r o p r i e t a r y  na tu re  of t h e  chemical con- 
sist of polyethylene p ipe ,  no f u r t h e r  in -  
formation could be ob ta ined  regard ing  t h e  
composition of t h e  p ipe  samples. 

The p a r t i c u l a t e s  used i n  t h e  l a b o r a t o r y  
tests were crushed c o a l  from t h e  P i t t s -  
burgh and Coalburg Coalbeds, l imestone 
rock d u s t .  i r o n  f i l i n g s .  and sand. Table 

l e a k s  e x i s t  i n  n a t u r a l  gas  systems. The 
p a r t i c u l a r  m a t t e r  of concern i n  n a t u r a l  
gas  systems is  r u s t  s c a l e  t h a t  is  car-  
r i e d  from meta l  l i n e s  i n t o  po lye thylene  
l i n e s .  Rust i s  n o t  a concern i n  coalbed 
methane dra inage  because t h e  p i p e  i s  a l l  
p l a s t i c .  However, c o a l  d u s t  from h o r i -  
z o n t a l  boreholes  o r  rock p a r t i c l e s  from 
cross-measure boreholes  a r e  a p o s s i b i l -  
i t y .  F i n a l l y ,  t h e  polyethylene p ipe  i s  
bur ied  i n  n a t u r a l  gas  systems and is  ex- 
posed i n  methane dra inage  a p p l i c a t i o n s .  
Thus, e l e c t r o s t a t i c  hazards  a r e  paramount 
i n  r e p a i r  s i t u a t i o n s  only i n  n a t u r a l  ga s  
systems,  bu t  could be a concern through- 
o u t  t h e  l i f e  of a p i p e l i n e  used f o r  coal-  
bed m e  thane dra inage .  

EQUIPMENT 

A r e c t a n g u l a r  wooden frame, 8 by 8 by 
24 f t  (2.4 by 2.4 by 7.3 m), was covered 
wi th  c l e a r  p l a s t i c  t o  provide f o r  a 
v a r i a b l e  humidity environment ( f i g .  3 ) .  

- .  
2 shows t h e  proximate and u l t i m a t e  analy-  F I G U R E  1. - Pitot tube being used to measure gas- 

sis of t h e  two crushed c o a l  samples. stream velocity. 



Steam and a i r  were drawn i n t o  t h e  chamber 
by t h e  p a r t i a l  vacuum genera ted  by t h e  
pump. The steam and a i r  i n t a k e  f o r  t h e  
chamber were l oca t ed  a t  t h e  f a r  co rne r  
from t h e  p i p e  sample i n t ake .  The humid- 
i t y  and temperature  i n s i d e  and surround- 
i n g  t h e  p ipe  sample were i d e n t i c a l  dur- 
i n g  o p e r a t i o n  ( f i g .  3) .  

The rock d u s t  i s  blown i n t o  r e t u r n  a i r -  
ways i n  c o a l  mines t o  render  l o o s e  c o a l  
d u s t  incombust ible .  To determine i f  rock 
d u s t i n g  procedures  could impart  a s t a t i c  
charge  t o  a po lye thylene  methane dra inage  
p i p e l i n e ,  a 2- by 2- by 8 - f t  (0.6- by 
0.6- by 2.4-m) chamber was cons t ruc t ed  t o  
s i m u l a t e  such procedures  ( f i g .  4) .  The 
chamber provided f o r  t h e  movement of rock 
d u s t  over  and around t h e  p i p e l i n e .  Ve- 
l o c i t y  w i t h i n  t h e  chamber was measured 
w i t h  a vane anemometer. A door  was lo -  
c a t e d  on t h e  t o p  pane l  of t h e  rock d u s t  

TABLE 2. - Coal a n a l y s i s ,  percent  

chamber (no t  shown on f i g u r e  4) t o  pro- 
v ide  acces s  t o  t h e  chamber f o r  s u r f a c e  
charge measurement. S t a t i c  charge mea- 
surements were made wi th  a high-impedance 
(5x1015-ohm) vol tmeter  ( f i g .  5) .  The me- 
t e r  i s  vo l t age  operated.  

Scale, f t  inlet 

Pi t t sbu rgh  

2.9 
35.7 
53.7 

7.7 
100.0 

5.3 
75.5 

1.5 
1.1 
8.9 
7.7 

100.0 

Analysis  
Proximate: 

Moisture......... 
V o l a t i l e  mat ter . .  
Fixed carbon..... 
Ash.............. 

Total . .  ....... 
Ultimate: ......... Hydrogen 

Carbon........... 
Nitrogen......... 
Sulfur........... 
Oxygen........... 
AS h .............. 

Total......... 

FIGURE 2. - Relat ive humidity and temperature be- 

ing measured with psychrometers. 

Coalburg 

3.2 
27.0 
39.4 
30.4 

100.0 

4.0 
54.5 

.8 

.1 
10.2 
30.4 

100.0 

FIGURE 3. - Humidity chamber. 

, Rock dust and 
air inlet 

0 I 

pump 

FIGURE 4. - Rock-dust chamber. 



ELECTROSTATIC TEST PROCEDURES 

Even though t h e  e l e c t r o s t a t i c  v o l t -  
meter  consumed very l i t t l e  c u r r e n t  due 
t o  i t s  high impedance, a charge co l l ec -  
t i o n  device  was r equ i r ed  t o  provide su f -  
f i c i e n t  charge t o  a c t i v a t e  t h e  i n s t r u -  
ment. I n i t i a l l y ,  tests w e r e  performed 
wi th  a 4-in (10-cm) wide, 1164-in (0.4- 
mm) t h i c k  aluminum band wrapped around 
t h e  p i p e  ( f i g .  5). Aluminum was s e l e c t e d  
f o r  i t s  low c o s t  and ea se  of handl ing ;  
however, copper o r  any o t h e r  h igh ly  con- 
d u c t i v e  metal could have been used. Dur- 
i n g  t h e  t e s t i n g ,  we found t h a t  t h e  bands 
behaved a s  charge s inks .  They gave e r ro -  
neously high readings a t  t h e  po in t  of 
measurement. Thus, a probe was put  i n  
con tac t  wi th  t h e  p ipe  sample a f t e r  i t  was 
charged ( f i g .  6 ) .  An i n s u l a t e d  handle  a t  
least 3 f t  (0.9 m) l ong  in su red  t h a t  t h e  
person t a k i n g  t h e  read ing  d i d  no t  come 
c l o s e  enough t o  t-ie p ipe  t o  d i s t u r b  t h e  
e l e c t r i c  f i e l d .  The probe heads were 
fash ioned  from aluminum shee t ing ,  1/64 i n  
(0.4 m) t h i c k ,  and s o l i d  copper wi re ,  
3/16 i n  (4.8 mm) i n  diameter.  They were 
shaped t o  cover  one-half of t h e  circum- 
f e r e n c e  of t h e  p ipe  over  a 4-in (10-cm) 
wide band. The heads were then  glued 
i n t o  4-in (10-cm) long s e c t i o n s  of 2-in 
(5-cm) round s o l i d  polyvinyl  ch lor ide .  
An i n s u l a t e d  wi re ,  recommended by t h e  
vo l tmeter  manufacturer,  was connected 
d i r e c t l y  from t h e  probe head t o  t h e  
grounded vol tmeter .  

A s i m i l a r  probe was b u i l t  f o r  i n t e r -  
n a l  charge measurement. The probe was 
cons t ruc t ed  of t h e  same m a t e r i a l  a s  t h e  
probe desc r ibed  e a r l i e r  ( f i g .  6) and con- 
t a c t e d  a 4-in-wide ha l f  c y l i n d e r  on t h e  
i n s i d e  s u r f a c e  of t h e  6-in-diameter p i p e  
samples. 

The g e n e r a l  procedure f o r  t h e  labora-  
t o r y  experiments  was i n i t i a t e d  by es tab-  
l i s h i n g  t h e  gas-stream v e l o c i t y ,  a long  
wi th  t h e  temperature  and r e l a t i v e  humid- 
i t y  of t h e  gas  s t ream and of t h e  ambient 
a i r .  Dust w a s  t hen  hand-fed i n t o  t h e  i n -  
l e t  of t h e  p i p e  sample as c o n s i s t e n t l y  a s  
p o s s i b l e  over  a predetermined time of ex- 
posure. Measurement of t h e  s t a t i c  charge 
was accomplished by p l ac ing  t h e  probe 
head on t h e  p ipe  immediately a f t e r  t h e  
flow was s h u t  o f f .  The probe was removed 
from t h e  p ipe  and grounded t o  e l i m i n a t e  
any b i a s  on subsequent measurements. 
Subsequent measurements were made i n d i -  
v idua l ly .  The t o t a l  e lapsed  time between 
t h e  f i n a l  measurement and when t h e  f a n  
was s h u t  o f f  was no more t han  2 min f o r  
a l l  t h e  tests. A t  t h e  conc lus ion  of each 
tes t ,  t h e  i n t e r n a l  and o u t s i d e  s u r f a c e s  
of t h e  p ipe  sample were "wet ragged," and 
a charge measurement was made t o  i n s u r e  
t h a t  no charge remained on t h e  p ipe  p r i o r  
t o  t h e  next  test.  

A l l  t e s t s  were repea ted  t h r e e  t imes ,  
and t h e  r e s u l t s  were t hen  averaged. Fig- 
u r e  7 shows t h r e e  s e p a r a t e  tests con- 
ducted under i d e n t i c a l  condi t ions .  The 
s t a t i c  charge gene ra l l y  decreases  from 
t h e  i n l e t  t o  t h e  exhaust  end of t h e  p ipe  
f o r  each test.  Var i a t i ons  between test 

4-in-wide aluminum 
sheet on copper- 

wire frame, 

2-in solid PVC 

pipe handle 

FIGURE 5. - Multirange electrostatic voltmeter. FIGURE 6. - General configuration of probe. 
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DISTANCE FROM INLET, f t  

F I G U R E  7. - Averaging data for three electrostatic 

tests. Veloci ty  - 5,000 ft/min, temperature = 65' F, 
relative humidity = 48 pct, Pittsburgh Coalbed dust, 

DuPont type 2 pipe, exposuretime - 3 rnin, dust con- 
centration = 5,500 mg/m3, dust s ize = minus 200 
mesh. 

runs  range t o  4 kV; t h e  causes  f o r  t hose  
v a r i a t i o n s  a r e  no t  known. 

Measuring e l e c t r o s t a t i c  charge on an  
o b j e c t  is  a  d i f f i c u l t  t a s k  due t o  t h e  e f -  
f e c t s  of t h e  capac i t ance  of t h e  measure- 
ment equipment. It is  a  well-known s c i -  
e n t i f i c  p r i n c i p l e  t h a t  t h e  e l e c t r o s t a t i c  
charge i s  s t o r e d  i n  t h e  e l e c t r i c  f i e l d  of 
t h e  system's  capac i tance  (C). Therefore ,  
when a  measuring dev ice  i s  brought i n t o  
t h e  v i c i n i t y  of t h e  o b j e c t  of i n t e r e s t ,  
an  e f f e c t  on t h e  e l e c t r i c  f i e l d  can be 
de t ec t ed .  This  e f f e c t  is a  func t ion  of 
t h e  r e l a t i v e  s i z e  of t h e  capac i tances  and 
t h e  con f igu ra t i on  of t h e  e l e c t r i c  c i r c u i t  
a f t e r  t h e  measuring dev ice  is  connected. 

I n  t h e  c a s e  of measuring t h e  e l e c t r o -  
s t a t i c  vo l t age  on a  methane dra inage  
p i p e l i n e ,  t h e  fo l lowing  c i r c u i t  r e l a t i o n -  
s h i p s  can be der ived  from t h e  t e s t  s e tup .  
Assuming t h a t  t h e  p i p e l i n e  i s  i s o l a t e d  
from ground, t h e  a c t u a l  vo l t age  t o  which 
t h e  p i p e l i n e  i s  charged i s  a s  fol lows:  

where V, = t h e  a c t u a l  p i p e l i n e  v o l t a g e ,  

Qo = t h e  charge s t o r e d  i n  t h e  
p i p e l i n e ' s  capac i tance ,  

and C p  = t h e  capac i tance  of t h e  
p ipe l ine .  

To make an a c t u a l  measurement, t h e  
p i p e l i n e  i s  i s o l a t e d  and a  q u a n t i t y  of 

F I G U R E  8. - Model of capacitance of measurement 

system. 

p a r t i c u l a t e  m a t e r i a l  i s  d r iven  through 
t h e  p i p e l i n e  by a  c e r t a i n  v e l o c i t y  a i r -  
stream. The measuring system is  then  
brought i n t o  con tac t  w i th  t h e  i n s i d e  sur -  
f a c e  of t h e  p i p e l i n e  t o  make a  measure- 
ment. Figure 8 shows t h a t  t h e  measuring 
c i r c u i t  con ta in s  two c a p a c i t o r s ,  one f o r  
t h e  capac i tance  of t h e  probe (C')  and t h e  
o t h e r  f o r  t h e  capac i tance  of t h e  meter 
( C )  Because t h e  charge w i l l  r e d i s t r i k  
u t e  i t s e l f  between t h e  t h r e e  c a p a c i t o r s  
when t h e  swi tch  is  c losed  ( i  .e. , a  mea- 
surement t a k e n ) ,  t h e  equa t ion  r e l a t i n g  
t h e  r ead ing  on t h e  meter (V,) wi th  t h e  
a c t u a l  v o l t a g e  (V,) t h a t  was i n i t i a l l y  on 
t h e  p i p e l i n e  i s  a s  fol lows:  

This  equa t ion  shows t h a t  i f  t h e  capaci-  
t ance  of t h e  o b j e c t  being measured (Cp) 
i s  much g r e a t e r  than  t h e  capac i tance  of 
t h e  measuring c i r c u i t  (C' and Cm) ,  t h e  
meter read ing  i s  equ iva l en t  t o  t h e  a c t u a l  
v o l t a g e  (V,). Second, i f  t h e  measuring 
c i r c u i t  does have an  e f f e c t  on t h e  a c t u a l  
read ing ,  t h e  e r r o r  w i l l  be such t h a t  t h e  
recorded read ing  i s  l e s s  than  t h e  a c t u a l  
reading. Therefore ,  i f  a l l  of t h e  capac- 
i t a n c e s  were e i t h e r  measured o r  calcu-  
l a t e d ,  a  means t o  c o r r e c t  t he  read ings  
f o r  t h e  e f f e c t  of t h e  measuring c i r c u i t  
could be made. However, because t h e  ca- 
pac i t ance  of t h e  p i p e l i n e  was l a r g e  w i th  
r e spec t  t o  t h e  measuring c i r c u i t  and 



because t h e  purpose of t h e  p r o j e c t  measuring c i r c u i t  was deemed s u i t a b l e  
was no t  t o  a s c e r t a i n  a c t u a l  vo l t age  num- f o r  t h e  p r o j e c t .  
b e r s  but  r e l a t i v e  ones,  t h e  f a b r i c a t e d  

LABORATORY RESULTS 

Clean, d ry  a i r  equ iva l en t  t o  1 MMft3/d 
(0.33 m3/s) was pu t  through a 2-in-diam 
(5-cm) Dupont type  2 p ipe  sample a t  a ve- 
l o c i t y  of 33,000 f t / m i n  (168 m/s) .  This  
v e l o c i t y  i s  22 t i m e s  t h e  maximum v e l o c i t y  
measured i n  underground methane pipe- 
l i n e s .  The temperature  and r e l a t i v e  hu- 
mid i ty  of t h e  gas s t ream were 63" F 
(17" C) and 22 p c t ,  r e s p e c t i v e l y .  While 
t h e  temperature  is  normal f o r  an  under- 
ground c o a l  mine, t h e  humidity i s  very 
low. No charge was d e t e c t e d  over  a 3-h 
ope ra t i ng  per iod . ,  Thus, even a t  low hu- 
m i d i t i e s ,  gas  streams f r e e  of p a r t i c u l a t e  
ma t t e r  have no s t a t i c  charge p o t e n t i a l .  

Six-foot (1.8-m) long s e c t i o n s  of 6-in 
(15-cm) diam Dupont type  2, Drisco type  
2, Drisco type  3,  and Plexco type  3 were 
compared f o r  t h e i r  charge s u s c e p t i b i l i t y .  
P i t t sbu rgh  Coalbed d u s t ,  minus 28 mesh 
(600 um) ( t a b l e  3 ) ,  was f e d  i n t o  a 5,000- 
f t / m i n  (25-1s) a i r s t r eam.  Each sample 
was exposed t o  a 5 ,  500-mg/m3 dus t  concen- 
t r a t i o n  f o r  2 mine The temperature  and 
t h e  r e l a t i v e  humid i ty  of t h e  gas  s t ream 
were 59" F (15" C) and 40 p c t ,  respec- 
t i v e l y .  Figure 9 shows t h a t  t h e  type 2 
p i p e  charged t o  a g r e a t e r  vo l t age  than 
d i d  t h e  type  3 p ipe ,  which con ta in s  car-  
bon b lack .  

o Plexco type 3 v Drisco type 3 

The e f f e c t  of ga s  v e l o c i t y  on s t a t i c  
charge gene ra t i on  was determined by feed- 
i n g  2.6 l b  (1 ,200 g )  of d u s t  i n t o  a p ipe  
f o r  3 min. Figure 10 shows t h a t  a 5,000 
f t /min  (25 m/s) , a maximum charge  of 3.2 
kV i s  generated c l o s e  t o  t h e  i n l e t  of t h e  
pipe and decreases  t h e r e a f t e r .  A t  2,500 
f t /min  (13  m/s) ,  t h e  charge b u i l d s  t o  a 
maximum of 2.0 kV about 5 f t  (1.5 m) from 
t h e  i n l e t ,  and a t  1,000 f t / m i n  (5 m/s) a 
maximum charge of about 1.6 kV occurs  
about 11 f t  (3.4 m) from t h e  i n l e t .  No 
measurable charge i s  de t ec t ed  a long  t h e  
f i r s t  11 f t  (3.4 m) of t h e  p ipe  when t h e  
gas  v e l o c i t y  is  1,000 f t /min (5 m/s) . 
Apparently a t  1,000 f t /min  (5  m/s) and t o  
a l e s s e r  e x t e n t  a t  2,500 f t /min  (13  m/s ) ,  
t h e  d u s t  p a r t i c l e s  r e q u i r e  more t i m e  t o  
reach  t h e  v e l o c i t y  of t h e  gas  s t ream, and 

TABLE 3. - P a r t i c l e - s i z e  d i s t r i b u t i o n  
of P i t t sbu rgh  Coalbed samples,  
percent  

Minus 
28 mesh 

NAP 
NAP 
1.6 

64.6 
26.7 

7.1 

P r a t i c l e  s i z e ,  
mesh 

-318 i n ,  +8.. . 
-8,  +28....... 
-28, +48.. ..a 

-48, +loo.... .  
-100, +200.. e .  

-200. . l . . . . . . . 

Minus 
200 mesh 

NAP 
NAP 
NAP 
NAP 
NAP 

100.0 

Minus 
318 i n  

31.0 
39.7 
13.4 
7.8 
4.3 
3.8 

NAp Not appl icab le .  

DISTANCE FROM INLET, f t  DISTANCE FROM INLET, f i  

FIGURE 9. - Comparison of pipe data. V e l o c i t y  F IGURE 10. - E f fec t  o f  v e l o c i t y  var ia t ion.  Tem- 

- 5,000 ft'min, temperature = 59-' F, re la t i ve  hu- perature = 6 7 O  F, re la t i ve  humid i ty  = 60 pct, P i t t s -  

mid i ty  = 40 pct, P i t tsburgh Coa lbed dust, exposure burgh Coalbed dust, DuPont  type 2 pipe, exposure 

time = 2 min, dust concentrat ion = 5,500 mg/m 3, t ime = 3 min, dust  load - 400 g/min, dust  s i ze  = mi-  

dust  s i ze  = minus 28 mesh. nus 28 mesh. 



consequent ly  t h e  charg ing  process  occurs  
f u r t h e r  from t h e  i n l e t .  

F igure  11 shows t h a t  t h e  magnitude of 
t h e  s t a t i c  charge on t h e  p ipe  i n c r e a s e s  
a s  t h e  exposure time t o  p a r t i c l e s  in- 
c r ea se s .  Only about 13 f t  (4.0 m) of t h e  
20-ft (6.1-m) l e n g t h  of p ipe  i s  charged. 
Note t h a t  t h e  p ipe  is  not  charged uni- 
formly along i t s  length.  The charge i s  
ze ro  n e a r  t h e  i n l e t ,  i n c r e a s e s  t o  a maxi- 
mum a t  about 5 f t  (1.5 m), and then  de- 
c r e a s e s  t o  zero. This  i s  c o n s i s t e n t  w i t h  
t h e  2,500-ft/min (131n/s)  v e l o c i t y  t e s t  
( f i g .  10) .  

P a r t i c l e  s i z e  has a marked e f f e c t  on 
t h e  magnitude of t h e  s t a t i c  charge gen- 
e r a t e d  on polyethylene pipe ( t a b l e  3 ) .  
F igure  12 shows t h a t  minus 200 mesh (75 
ym) d u s t  produces a h ighe r  charge t h a n  
does minus 28-mesh (600 ym) dus t .  , Appar- 
e n t l y ,  t h e  f i n e r  dus t  has  a l a r g e r  su r -  
f a c e  a r e a  from which charges can be 
s t r i p p e d .  The charging c h a r a c t e r i s t i c s  

DISTANCE FROM INLET, ft 

FIGURE 11. - Ef fect  of exposure-time variation. 

Velocityl  - 2,50Oft/min, temperature = 60° F, rela- 

t i ve  humidity = 55 pct, Pit tsburgh Coalbed dust, 

DuPont type 2 pipe, dust concentration = 32,000 
mg/m3, dust  s ize - minus 28 mesh. 

of t h e  P i t t sbu rgh  and Coalburg Coalbeds 
( t a b l e  2) were compared us ing  minus 200- 
mesh (75  ym) d u s t .  Figure 13 shows t h a t  
t h e  Coalburg Coalbed dus t  imparted a 
g r e a t e r  charge than d i d  t he  P i t t sbu rgh  
Coalbed d u s t  over about t he  f i r s t  6 f t  
(1.8 m) of p ipe  downstream of t h e  i n l e t  
and a lower charge downstream of t h e  9-f t  
(2.7-m) measurement po in t .  Apparent ly ,  
t h e  d i f f e r e n c e  i n  charg ing  c h a r a c t e r i s -  
t i c s  i s  due t o  t h e  h igher  a s h  con ten t  of 
t h e  Coalburg d u s t  ( t a b l e  2) .  Both tests 
compared equa l  weight d u s t  samples. 

Plexco type  3 p i p e ,  4-in (10-cm) diam, 
was assembled i n t o  a 24-ft (7.3-m) long ,  
double 90" (1.57 r ad )  bend t e s t  s e c t i o n  
( f i g .  14) .  The c i r c l e d  numbers r ep re sen t  
t h e  e i g h t  s t a t i c  charge measurement 
po in t s .  P i t t sbu rgh  Coalbed d u s t  [minus 
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FlGlJRE 13. - Comparison of Pit tsburgh and Coal-  

burg Coa Ibeds. Veloci ty  = 5,000 ft/min, temperature 

= 65" F, re lat ive humidity = 48 pct, DuPont type 2 
pipe, exposure time = 3 min, dust concentrat ion = 

5,500 mg/m3, dust s ize  = minus 200 mesh. 

KEY 
Measurement point 

4-in pipe 

DISTANCE FROM INLET, f t  I 
FIGURE 12. - Ef fect  of dust-size variat ion. Ve- -- 

dust ~nlet 1 
i 

loc i ty  = 5,000 f t lmin,  temperature = 65O F, re lat ive L- I I '  
humid i t y  = 48 pct, Pit tsburgh Coa lbed dust, DuPont 

type 2 pi pel exposure time = 3 mint dust concentra- FIGURE 14. - Configuration for elbow test. (P lexo  

t ion = 5,500 mg/m3. type 3 pipe.) 



28 mesh (600 urn)], degreased  i r o n  f i l i n g s  
[minus 40 mesh (425 urn)], and s a n d  [minus 
12 mesh (1.4 mm)] were f e d  t o  a 10,000- 
f t / m i n  (51-m/s) v e l o c i t y  airstream. A 
200-mL volume of c o a l  d u s t ,  s a n d ,  and 
i r o n  f i l i n g s  o r  0.44, 0.60,  and 1.12 l b  
(200 ,  270, and 510 g ) ,  r e s p e c t i v e l y ,  was 
added o v e r  s e p a r a t e  3  min exposure  t i m e  
tests .  F i g u r e  15 shows t h a t  f o r  c o a l  
d u s t ,  t h e  maximum s t a t i c  c h a r g e  o c c u r r e d  
n e a r  t h e  i n l e t  ( s t a t i o n s  1  and 2) and de- 
c r e a s e d  toward s t a t i o n  3. A t  t h e  e lbows ,  
t h e  c h a r g e  on t h e  p i p e  i n c r e a s e d  ( s t a -  
t i o n s  4  and 7 ) .  Apparen t ly ,  t h e  elbows 
c a u s e  c o a l - p a r t i c l e  d e g r a d a t i o n  which ex- 
p o s e s  new s u r f a c e s  t o  t h e  e l e c t r o n  ex- 
change p r o c e s s .  For t h e  i r o n  and sand 
p a r t i c l e s ,  no c h a r g e  o c c u r r e d  on t h e  i n i -  
t i a l  s t r a i g h t  p o r t i o n  of t h e  p i p e  ( s t a -  
t i o n s  1 ,  2 ,  and 3) u n t i l  t h e  p a r t i c l e s  
impacted t h e  p i p e  a t  t h e  f i r s t  elbow 
( s t a t i o n  4 ) .  The c h a r g e  was g r e a t e s t  a t  
t h e  e lbow,  and t h e n  d e c r e a s e d  a l o n g  t h e  
s t r a i g h t  p o r t i o n  of  t h e  p i p e  ( s t a t i o n s  5  
and 6 )  u n t i l  t h e  n e x t  elbow was reached  
where t h e  c h a r g e  i n c r e a s e d  a g a i n  ( s t a t i o n  
7 ) .  The sand  and i r o n  p a r t i c l e s  d i d  n o t  
c h a r g e  t h e  f i r s t  10 f t  (3.1 m) of t h e  
p i p e l i n e  ( s t a t i o n s  1 ,  2 ,  and 3 ) .  These 
are much h e a v i e r  t h a n  c o a l  p a r t i c l e s  and 
may r e q u i r e  a l o n g e r  p i p e  l e n g t h  t o  r e a c h  
t h e  speed of t h e  airstream on a much 
h i g h e r  v e l o c i t y  airstream. 

E x p e r i e n c e  shows t h a t  when t h e  rela- 
t i v e  humid i ty  i s  low i n s i d e  a b u i l d i n g ,  
wa lk ing  a c r o s s  a c a r p e t e d  f l o o r  can 
g e n e r a t e  s t a t i c  c h a r g e s  of  c o n s i d e r a b l e  

I I I I I 1 
Elbow I Elbow 2 

A Pittsburgh Coal 

magni tude,  b u t  when t h e  r e l a t i v e  humid i ty  
is  h i g h ,  t h e  s t a t i c  charge  annoyance i s  
minimal o r  e l i m i n a t e d .  S i m i l a r  r e s u l t s  
have been obse rved  f o r  p o l y e t h y l e n e  p i p e .  
A  20-f t  (6.1-m) l e n g t h  of  p i p e  was p l a c e d  
i n  a chamber ( f i g .  2 ) ,  and steam was i n -  
j e c t e d  t o  c o n t r o l  humidi ty .  F i g u r e  16 
shows t h a t  when t h e  r e l a t i v e  humid i ty  of  
t h e  airstream i s  i n c r e a s e d  from 38 t o  
80 p c t ,  t h e  s t a t i c  c h a r g e  on t h e  p i p e  de- 
c r e a s e d  d r a m a t i c a l l y .  Thus,  t h e  r e l a t i v e  
humid i ty  of t h e  airstream i s  a n  i m p o r t a n t  
f a c t o r  c o n t r o l l i n g  t h e  s t a t i c  c h a r g e  on  
t h e  p i p e .  

G e n e r a l l y ,  b a r e  copper  w i r e  is s p i r a l l y  
wound on p o l y e t h y l e n e  p i p e ,  and a t  i n t e r -  
v a l s  of  a b o u t  500 f t  (152 m),  t h e  copper  
w i r e  i s  connected t o  a b u r i e d  copper  
ground rod.  Labora to ry  tests  were con- 
d u c t e d  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of 
t h i s  g round ing  p rocedure  on t h e  s t a t i c  
c h a r g e s  on t h e  i n s i d e  and t h e  o u t s i d e  of  
t h e  p i p e .  F i g u r e  17 shows t h a t  when no 
ground w i r e  i s  p r e s e n t ,  t h e  charge  on t h e  
i n s i d e  s u r f a c e  of t h e  p i p e  ranges  f rom 
abou t  10 kV n e a r  t h e  i n l e t  t o  6  kV a b o u t  
7  f t  (2.1 m) from t h e  i n l e t .  When t h e  
copper  w i r e  i s  s p i r a l l y  wound i n  1 - f t  
(30-cm) o r  2 - f t  (61-cm) s p a c i n g ,  t h e  
s t a t i c  c h a r g e  on t h e  i n s i d e  s u r f a c e  i s  
reduced b u t  n o t  e l i m i n a t e d .  On t h e  o u t -  
s i d e  s u r f a c e  of t h e  p i p e ,  no c h a r g e  i s  
measured when t h e  p i p e  i s  s p i r a l l y  wound 
w i t h  b a r e  copper  wire i n  a 1-f t  (30-cm) 
spac ing .  For a 2-f t  (61-cm) s p a c i n g ,  a 
s t a t i c  c h a r g e  of abou t  2  kV i s  measured 
between t h e  winds of copper  wire .  Thus,  

KEY 
o 38 pct RH(gas stream and ambient) 
A 80pct RH (gas stream and ambient) 

3 - 6 -  o 8Opct RH gas stream and 37 pct 
W 
(3 
rx 
a 4 -  
I 
U 

2 - 
C 

0 
2 4 6 8 10 12 14 16 18 

I 2 3 4 5 6 7 8 DISTANCE FROM INLET, ft 

MEASUREMENT STATION 
F I G U R E  16. - E f f e c t  of humid i ty  var ia t ions.  Ve-  

F I G U R E  15. - Resul ts  of e lbow test.  Ve loc i t y  = loc i t y  = 5,000 ft/min, temperature = 69' F, Coalburg 
10,000 ft/min, temperature = 68' F, re la t  i ve  humid- Coalbed dust, DuPont  type 2 pipe, exposure t ime = 

i t y  = 46 pct, exposure t ime = 2 min, contaminate 2 min, dust  concentrat ion = 11,000 mg/m3, dust  s i z e  

volume = 200 mL.  = minus 200 mesh. 
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5 U No qround wire 

a Ground wire, 2-ft spaced spiral 
0 Ground wire, I-ft spaced spiral 
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FIGURE 17. - Resul ts  of grounding evaluation. Ve- 

loc i ty  = 5,00Oft/min, temperature = 62' F, re lat ive hu- 

mid i ty  = 40 pct, Coalburg Coalbed dust, DuPont type 

2 pipe, exposure t ime - 2 min, dust concentrat ion = 

11,000 mg/m 3, dust s ize -- minus 200 mesh. 

a  s p i r a l l y  wound, grounded copper w i r e  is  
e f f e c t i v e  i n  reduc ing  t h e  charge on  t h e  
o u t s i d e  and i n s i d e  s u r f a c e s  of t h e  p ipe .  

Underground methane p i p e l i n e s  a r e  lo -  
c a t e d  i n  r e t u r n  a i rways ,  which a r e  rock  
dus t ed  p e r i o d i c a l l y  u s ing  f o r c e d  a i r  t o  
blow t h e  rock d u s t  i n t o  t h e  e n t r y .  Th is  
procedure  was s imu la t ed  i n  t h e  l a b o r a t o r y  
t o  de te rmine  t h e  s t a t i c - c h a r g e  e f f e c t  of 
t h e  rock d u s t  p a r t i c l e s  on t h e  p i p e l i n e  
( f i g .  4).  Air v e l o c i t y  around t h e  p i p e  
i n  t h e  d u s t  chamber was about  200 f t / m i n  
(1  m/s) and ove r  a  5-min pe r i od ,  25 l b  

2 3 4 5 6 7 
DISTANCE FROM INLET, f t  

FIGURE 18. - Results of rock-dusting test. Veloc-  

i t y  = 210 ft/rnin, temperature = 57O F, re la t i ve  humid- 

i t y  - 30 pct, l imestone dust, dust  weight  = 25 Ib, 
DuPont type 2 pipe, feed t ime = 5 min. 

TABLE 4. - Rock d u s t  a n a l y s i s ,  pe r cen t  

(11 kg) of  rock d u s t  was drawn over  t h e  
p ipe  ( t a b l e  4).  Rock d u s t  coa ted  t h e  
p ipe ,  and no measurable s t a t i c  charge  was 
d e t e c t e d  on t h e  o u t s i d e  s u r f a c e  of t h e  
pipe.  However, a  s t a t i c  charge  of about  
2 kV was measured on t h e  i n s i d e  s u r f a c e  
of t h e  p i p e  ( f i g .  18). The r e l a t i v e  hu- 
m id i t y  du r ing  t h e  t e s t  was about  30 p c t ,  
which i s  low compared w i th  an  underground 
environment and may have c o n t r i b u t e d  t o  
t h e  g e n e r a t i o n  of s t a t i c  charge.  

CaO .......... 91.5 
S102.... . . . . .  4.8 
d 7 O 3 . . . . . . . .  1.3 

FIELD TESTS 

Fe202........ 1.2 
MgO.......... 1.1 
S............ .1 

Three underground p i p e l i n e s  were d i s c o l o r a t i o n ,  s c a r r i n g ,  o r  d e p o s i t s  of 
d i smant led  and examined f o r  contamina- d u s t  o r  d i r t  were found. One of t h e  
t i o n .  Table  5  shows t h a t  t h e  volume of p i p e l i n e s  was used i n  a  cross-measure  
methane t r a n s p o r t e d  by t h e s e  p i p e l i n e s  system, which i s  more prone t o  produce 
ranged from 100 m i l l i o n  t o  400 m i l l i o n  d u s t  because of s t r a t a  movement. 
f t 3  (2.8 m i l l i o n  t o  11.3 m i l l i o n  m3). No 

TABLE 5. - Dust con tamina t ion  d a t a  f o r  methane d r a inage  p i p e l i n e s  

S i t e  Drainage 
system 

t r ans -  Evidence of 
m a t e r i a l  Pipe I po r t ed ,  1 contaminat ion 

Beckley Mining Co. : Beckley Mine 

None 
None 

BethEnergy Mines Inc .  : 
Cambria 33 H n e . .  .............. 
Marianna Mine.................. 

. Hor izon ta l . .  

cross-measure  
Horizontal . . .  

Po lye thy lene  

.. .do.. ..... 1 J-J-i / 
Metal....... 

~ M f t 3  
200 None 
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F I G U R E  19. - Real-t ime aerosol monitor. 

To f u r t h e r  i n v e s t i g a t e  t h e  d u s t  l e v e l s  
i n  working methane dra inage  systems, a 
cross-measure s u r f a c e  borehole and two 
v e r t i c a l  gob boreholes  were inspected.  A 
real- t ime a e r o s o l  monitor ( f i g .  19) was 
used t o  measure t h e  concent ra t ion  of 
minus 20-um d u s t  p a r t i c l e s  i n  t h e  
methane-air gas  flows from t h e  t h r e e  
boreholes .  The measured d u s t  l e v e l s  were 
comparable t o  l e v e l s  i n  a c l ean  a i r  envi-  
ronment, which produced no s t a t i c  charge 
on t h e  p ipe  i n  t h e  l abo ra to ry  tests even 
though t h e  v e l o c i t y  of t h e  gas  s t ream was 
33,000 f t / m i n  (168 m/s) and r e l a t i v e  hu- 
mid i ty  was low (22 p c t )  . 

F I G U R E  20. - Single-range electrostatic voltmeter.  

TABLE 6. - Resul t s  of rea l - t ime  
e v a l u a t i o n  of methane d ra inage  
p i p e l i n e s  

S ta t ic -charge  measurements were con- 
ducted on two underground methane dra in-  
age p i p e l i n e s  ( t a b l e  6 ) .  A 4-in (10-cm) 
wide band of aluminum was wrapped around 
each p i p e l i n e  t o  c o l l e c t  s t a t i c  charges  
and a 0- t o  300-V e l e c t r o s t a t i c  vo l tme te r  
was used t o  measure t h e  s t a t i c  charge 
( f i g .  20) . For both p i p e l i n e s ,  t h e  r e l a -  
t i v e  humidity of t h e  gas s t ream and t h e  
e n t r y  con ta in ing  t h e  p i p e l i n e  were 78 p c t  
o r  g r e a t e r .  Dust concent ra t ions  i n  t h e  
gas s t reams were comparable t o  a c l ean  
a i r  environment. No s t a t i c  charge was 
de t ec t ed  on t h e  two p i p e l i n e s .  

Gas stream: ... Veloci ty . .  .f t/min.. ... Dust conc.. .mg/m3.. 
Re l a t i ve  humidi ty ,  pc t :  .......... Gas stream..  

Entry................. . Methane conc.. .... .pct .  . ...... Temperature.. .OF'. ... Charge measured.. .V.. 

J i m  
Walter 
No. 5 

Mine 

1,450 
0.06 

100 
9 8 

100 
7 7 

0 

Beckley 
Mine 

1,040 
0.05 

78 
83 
9 7 
63 

0 



SUMMARY AND CONCLUSIONS 

V e l o c i t i e s  up t o  33,000 f t / m i n  (168 
m/s) i n  polyethylene p ipe  produced no 
s t a t i c  charges  when t h e  gas  s t ream was 
f r e e  of p a r t i c u l a t e  mat te r .  When p a r t i c -  
u l a t e  m a t t e r  i s  p r e s e n t ,  t h e  magnitude of 
s t a t i c  charge i s  d i r e c t l y  p ropor t i ona l  t o  
t h e  gas-stream v e l o c i t y  and d u s t  concen- 
t r a t i o n  and inve r se ly  p ropor t i ona l  t o  
s i z e  of t h e  d u s t  p a r t i c l e s  and r e l a t i v e  
humidity.  

Type 2  polyethylene p ipe  charged t o  a  
g r e a t e r  magnitude t han  d i d  t ype  3, which 
c o n t a i n s  carbon black and i s  presumably 
more conduct ive t han  type  2. 

F i e l d  measurements showed t h a t  t h e  r e l -  
a t i v e  humidity of t h e  gas t r anspo r t ed  i n  
underground methane dra inage  p i p e l i n e s  i s  
78 p c t  o r  g r e a t e r ,  and t h e  dus t  concen- 
t r a t i o n  i s  n e g l i g i b l e  (0.06 mg/m3). No 
s t a t i c  charge was measurable on t h e  un- 
derground p i p e l i n e s  under t h e s e  condi- 
t i o n s .  I n  l abo ra to ry  tests where t h e  
r e l a t i v e  humidity was 78 p c t  o r  g r e a t e r  
and d u s t  concen t r a t i ons  were 11,000 mg/ 
m 3 ,  a  s t a t i c  charge of only 2  kV was gen- 
e r a t e d .  Where r e l a t i v e  humidity was 22 
p c t  and p a r t i c u l a t e  concent ra t ions  were 
n e g l i g i b l e ,  no measurable s t a t i c  charge 
was genera ted  even though gas-stream ve- 
l o c i t y  was a s  high a s  33,000 f t /min  (168 
m/s) .  Thus, r e l a t i v e  humidity and d u s t  

be prevented by wrapping ba re  copper w i r e  
around t h e  p ipe  i n  a  1-f t  (30-cm) spac- 
ing.  When a  2-ft  (61-cm) s p i r a l  wrapping 
i s  used,  s t a t i c  charges  e x i s t  between t h e  
wraps. However, t h e  s t a t i c  charge on t h e  
i n s i d e  p ipe  s u r f a c e  is  reduced but  n o t  
e l imina ted  f o r  both t h e  1-f t  (30-cm) and 
2-ft  (61-cm) spacings.  

The low-velocity flow [200 f t /min  ( 1  
m/s )J  of rock dus t  around polyethylene 
p ipe  genera ted  a  s t a t i c  charge of about  
2  kV on t h e  i n s i d e  s u r f a c e  and no mea- 
s u r a b l e  charge on t h e  o u t s i d e  s u r f a c e ,  
which was coated wi th  rock dus t .  The 
r e l a t i v e  humidity dur ing  t h e  test  was 30 
p c t  compared wi th  f i e l d  measurement a t  
78 p c t  o r  g r e a t e r ,  which would lower t h e  
s t a t i c  charge on t h e  i n s i d e  s u r f a c e  
cons iderab ly .  

F i e l d  measurements show t h a t  t h e  r e l a -  
t i v e  humid i t i e s  i n  t h e  mine e n t r y  and t h e  
gas  s t ream a r e  h igh  (78 p c t  o r  g r e a t e r ) ,  
and t h e  l e v e l  of p a r t i c u l a t e  matter i n  
t h e  gas  s t ream i s  comparable t o  t h a t  of a  
c l e a n  a i r  environment. These cond i t i ons  
a r e  n o t  conducive t o  t h e  development of 
s t a t i c  charges  on underground polyethy- 
l e n e  p i p e l i n e s .  

Because of t h e  p o s s i b i l i t y  of s t a t i c -  
charge bui ldup on underground p i p e l i n e s ,  
t h e  wet-rag technique should be employed 

concen t r a t i on  cond i t i ons  would have t o  t o  remove s t a t i c  charges  from t h e  o u t s i d e  
change r a d i c a l l y  f o r  t h e  development of p ipe  s u r f a c e  and t o  reduce t he  s t a t i c  
s i z a b l e  s t a t i c  charges  on underground charge on t h e  i n s i d e  s u r f a c e  before  a  
methane p i p e l i n e s .  polyethylene p i p e l i n e  is  r epa i r ed  o r  

The bui ldup of s t a t i c  charges  on t h e  dismantled. 
o u t s i d e  s u r f a c e  of polyethylene p i p e  can  
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