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ABSTRACT 

An o i l  w e l l  p e n e t r a t i n g  t h e  P i t t s b u r g h  bi tuminous coa lbed  i n  n o r t h e r n  
West V i r g i n i a  was plugged and s a f e l y  mined through 3 months l a t e r .  A s e n s i -  
t i v e  chemical  t r a c e r ,  i n t r o d u c e d  i n t o  t h e  o i l  r e s e r v o i r  b e f o r e  t h e  t e s t ,  was 
n o t  d e t e c t e d  i n  t h e  mine a i r  fo l lowing  t h e  p lugg ing  and d u r i n g  mining of t h e  
p i l l a r  and p e n e t r a t i o n  of t h e  w e l l .  E f f e c t i v e n e s s  of  t h e  p lugg ing  i n  p r e v e n t -  
i n g  r e s e r v o i r  gas  from e n t e r i n g  t h e  mine through t h e  w e l l  h o l e  was v e r i f i e d  by 
con t inuous  moni to r ing  of  t h e  mine a i r  f o r  i n d i c a t i o n s  of  s u l f u r  h e x a f l u o r i d e ,  
a n  i n e r t  g a s  d e t e c t a b l e  i n  amounts a s  minute a s  112 p a r t  p e r  b i l l i o n .  Expand- 
a b l e  cement and f l y  a s h - g e l - w a t e r  s l u r r y  were u t i l i z e d  t o  s e a l  t h e  w e l l  above 
and below t h e  c o a l  seam. Three o t h e r  w e l l s  were a l s o  plugged u s i n g  v a r i o u s  
t e c h n i q u e s .  

1 INTRODUCTION 1 
Plugging o f  abandoned o i l  w e l l s  i s  be ing  i n v e s t i g a t e d  a s  a  means of s o l v -  

i n g  v a r i o u s  problems t h e s e  w e l l s  pose t o  coal-mining o p e r a t i o n s .  Coalbeds a t  
r e l a t i v e l y  sha l low d e p t h s  a r e  o f t e n  p e n e t r a t e d  by ,boreho les  d r i l l e d  i n t o  o i l  
and gas  fo rmat ions  below t h e  c o a l .  I n  t h e  Appalachian a r e a ,  thousands  of o i l  
and g a s  w e l l s  t h a t  p e n e t r a t e m i n a b l e  coa lbeds  have been abandoned o r  produce 
o n l y  marg ina l  amounts o f  o i l  a n d / o r  g a s .  Only about  40 p e r c e n t  o f  t h e  w e l l s  
a r e  s t i l l  producing o i l  o r  g a s ;  t h e  r e s t  q u i t e  l i k e l y  cou ld  be  abandoned i n  
f a v o r  of mining o p e r a t i o n s .  

The F e d e r a l  coal-mining r e g u l a t i o n 5  r e q u i r e s  b a r r i e r s  t o  be  e s t a b l i s h e d  
and main ta ined  around o i l  and g a s  w e l l s  i n  accordance  w i t h  S t a t e  laws and regu-  
l a t i o n s .  These b a r r i e r s  must be  a t  l e a s t  300 f e e t  i n  d i a m e t e r ,  a l t h o u g h  
g r e a t e r  o r  l e s s e r  b a r r i e r s  may be p e r m i t t e d  by t h e  S e c r e t a r y  o f  t h e  I n t e r i o r  
o r  h i s  a u t h o r i z e d  r e p r e s e n t a t i v e .  The purpose  o f  t h e  b a r r i e r s  i s  t o  p reven t  1 

Petroleum e n g i n e e r .  
Research s u p e r v i s o r .  

3 ~ r ~ j e c t  l e a d e r .  
4~ l e c  t r o n i c  development t e c h n i c i a n .  
5 ~ n t e r i m  Mandatory S a f e t y  Standard f o r  Underground Mines, s e c t i o n  3 1 7 ( a ) ,  

F e d e r a l  Coal Mine Hea l th  and S a f e t y  Act (30 U.S.C. 8 7 7 ( a ) ,  30 CFR 75.1700) .  



combustible gases  from e n t e r i n g  the  mine and t o  prevent  a c c i d e n t a l  shea r ing  of 
w e l l s  i n  mining ope ra t i ons .  Many of t h e  we l l s  t h a t  i n t e r s e c t  coalbeds i n  t h e  
Appalachian a r e a  e n t e r  e s s e n t i a l l y  pressure-deple ted  r e s e r v o i r s ,  and of them, 
many have been plugged and abandoned. A 300-foot p i l l a r  around a  w e l l  r e p r e -  
s e n t s  a  q u a n t i t y  of unminable c o a l  and complicates  the  des ign  of entryways, 
haulageways, and v e n t i l a t i n g  systems. Areas i n  which w e l l s  a r e  d r i l l e d  on 
c l o s e ,  i r r e g u l a r  spacing ( 2 . 5  a c r e s  o r  l e s s )  can be completely unminable. 
Also,  300-foot p i l l a r s  around w e l l s  i n  which t h e  p re s su re s  exceed s e v e r a l  hun- 
dred pounds per square  inch would no t  c o n t a i n  t h e  gas  i n  the event of s e r i o u s  
l eaks .  I n  t he  ca se  o f  marg ina l ly  product ive  r e s e r v o i r s ,  i t  would be more 
s a t i s f a c t o r y  t o  permanently and s a f e l y  plug t h e  wel l  below the  coalbed,  
thereby  pe rmi t t i ng  mining of the  p i l l a r .  

E l imina t ion  of random w e l l  p i l l a r s  would a l l ow  the  u se  of longwall  and 
sho r twa l l  mining systems (which a r e  i n h e r e n t l y  s a f e r  than  convent ional  mining 
t echn iques ) ,  improve t h e  v e n t i l a t i o n  system t o  reduce hazards  a s s o c i a t e d  with 
methane, and s imp l i fy  t h e  haulage system. Addi t iona l  advantages t h a t  i nc rease  
s a f e t y  inc lude  mod i f i ca t i on  of t he  mining c y c l e  t o  e l imina t e  abrupt  changes 
and improved roof  cond i t i ons  r e l a t i v e  t o  those  t h a t  e x i s t  when t h e r e  a r e  ran-  
dom p i l l a r s .  
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WELL-PLUGGING MATERIALS 

Various cement types  and water  mixtures  were t e s t e d  i n  t h e  l abo ra to ry  t o  
determine t h e  p r o p e r t i e s  t h a t  could be expected of t h e  cement p lugs .  Proper- 
t i e s  o f  t he  t h r e e  cements t h a t  were s e l e c t e d  f o r  plugging t h e  four  t e s t  we l l s  
a r e  a s  fol lows:  



Water . . . . . . . . . . . . . . g  a l / s a c k . .  
s h r i nkage  2 . . . . . . . . . . . . . . p c t . .  
Sand g r a i n  d e n s i t y . . g / c u  cm.. 
Bulk d e n s i t y  . . . . . . . . g /  cu cm.. 
P o r o s i t y  . . . . . . . . . . . . . . . . p  c t . .  
E f f e c t i v e  a i r  p e r m e a b i l i t y  

md.. 
l ~ e f e r e n c e  t o  s p e c i f i c  brands 

.14  I 3 . 9 0  I .40 
i s  made f o r  i d e n t i f i c a t i o n  on ly  and does n o t  

Chem compl 
(expanding cement) 

6.30 
.80 

2.07 
1 .71  

17.40 

imply endorsement by t h e  Bureau of Mines. 
" sh r i nkage  i s  v e r y  d i f f i c u l t  t o  de te rmine ;  t h e r e f o r e ,  t he se  v a l u e s  show t h e  

r e l a t i v e  shr inkage  e f f e c t .  

Weight o f  t h e  f l y  ash-ge l -wate r  s l u r r y  used a s  f i l l e r  p lug was 14 .4  pounds p e r  
g a l l o n  when 98 pounds o f  f l y  a s h  and 2  pounds of  Aquagel were mixed w i th  6 . 3  
g a l l o n s  of wa t e r .  

Pozmixl 
( f l y  a s h  and cement) 

5.80 
7.60 
2.12 
1 .48 

30.10 

WELL SELECTION 

P o r t  land 

6 .30  
5 .70 
2 .23  
1 .53  

31.30 

Seve ra l  c o a l  companies i n  t h e  Morgantown, W .  Va. ,  a r e a  were p a r t i c u l a r l y  
i n t e r e s t e d  i n  w e l l  p lugging because t hey  planned t o  conduct longwal l  mining i n  
c e r t a i n  s e c t i o n s  t h a t  would n e c e s s i t a t e  mining through w e l l s  r a t h e r  t han  p i l -  
l a r i n g  around them. Timing of t h e  work, however, n e c e s s i t a t e d  s e l e c t i o n  of 
w e l l s  i n  an a r e a  t h a t  cou ld  be mined through w i t h i n  a  1 -year  p e r i o d .  Also ,  
pe rmiss ion  of  t h e  w e l l  owner was r e q u i r e d  t o  plug and mine through t h e  w e l l s  
t o  c o i n c i d e  w i th  mining o p e r a t i o n s  w i t h i n  t h e  1-year  p e r i o d .  U l t i m a t e l y ,  f ou r  
w e l l s  i n  Clay d i s t r i c t ,  Monongalia County, W .  Va. ,  were s e l e c t e d  because a t  
l e a s t  one cou ld  be mined through w i t h i n  t he  nece s sa ry  t ime .  F i g u r e  1 shows 
t h e  l o c a t i o n s  o f  t h e  f o u r  w e l l s  and t h e  s t a t u s  of  mining o p e r a t i o n s  when t h e  
w e l l  owner agreed  t o  l e t  t h e  Bureau of  Mines p lug  t h e  w e l l s .  

WELL TESTING AND PLUGGING 

Three of  t h e  fou r  w e l l s  s e l e c t e d  f o r  plugging had been d r i l l e d  i n  t h e  
e a r l y  18901s ,  and t h e  f o u r t h - - F e t t y  Hei r s  w e l l  10,  a  wate r  i n j e c t i o n  well--was 
d r i l l e d  i n  1965. Two w e l l s  s t i l l  had d e r r i c k s  over  them; t h e  engine house,  
b e l t  h a l l ,  and band wheel were i n t a c t  and o p e r a t i v e  ( f i g .  2 ) .  Fie ldwork was 
commenced i n  t h e  same way o p e r a t o r s  normal ly  do i n  t h i s  a r e a :  The p i p e  d e r -  
r i c k s  were f i r s t  c u t  down; t hen  t h e  engine house,  b e l t  h a l l s ,  and o t h e r  equip-  
ment was d i smant led  f o r  s a lvage .  A p o r t a b l e  d r i l l i n g  r i g  was then  s e t  up over 
t h e  w e l l .  

The rods  and t ub ing  were f i r s t  p u l l e d ,  and then  t o o l s  were run  t o  bottom 
t o  make s u r e  t h a t  t h e  w e l l  was open t o  t h e  o r i g i n a l  p roduc t i ve  sand (Big 
I n j u n ) .  A p r e s su re - r eco rd ing  ins t rument  was run  i n ,  and t h e  w e l l  was t hen  
s h u t  i n  t o  b u i l d  up t h e  p r e s s u r e  a t  t h e  bottom of  t h e  h o l e .  

Gamma r ay -neu t ron  and c a l i p e r  logs  were ob ta ined  t o  a c c u r a t e l y  l o c a t e  t h e  
format ion and t h e  f i v e  coa lbeds  pene t r a t ed  by t he  w e l l s ,  o b t a i n  a  r e co rd  of  
t h e  w e l l  c a s i n g s ,  and s e l e c t  packer  s e a t  l o c a t i o n s .  Seve ra l  of  t h e  w e l l s  were 
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FIGURE 2. - Typical Surface Equipment on Old 
We1 Is in Clay District, Monongalia 
County, W. Va. 
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FIGURE 3. - Gamma Ray-Neutron Well Log Showing Location of Coalbeds. 



logged two o r  t h r e e  t imes because they had t h r e e  t o  fou r  s t r i n g s  of ca s ing .  
I n  s e v e r a l  c a s e s ,  t h e  presence of gas  behind t h e  cas ing  made i t  d i f f i c u l t  t o  
i n t e r p r e t  t he  neut ron  log and a c c u r a t e l y  l o c a t e  t h e  coa lbeds .  F igure  3  i l l u s -  
t r a t e s  t he  combination of  gamma ray-neutron logs used t o  d e t e c t  coalbeds 
through the  wel l  c a s ing .  F igure  4 shows t h e  c a l i p e r  log t h a t  was used t o  
s e l e c t  a  packer s e a t  and determine h o l e  and cas ing  s i z e .  The c a s i n g - c o l l a r  
log shows cas ing  c o l l a r s ,  bottom of c a s i n g ,  and h o l e s  o r  breaks i n  t he  ca s ing .  
The gamma ray-neutron log was used t o  determine the  depth of t h e  petroleum- 
producing formation,  t o  a s c e r t a i n  l i t h o l o g y  (such a s  sandstone o r  s h a l e ) ,  and 
f o r  c o r r e l a t i n g  wi th  o t h e r  w e l l s .  The c a l i p e r  log was used t o  determine the  
cond i t i on  of t h e  pipe and l o c a t e  a  s u i t a b l e  p l ace  i n  open h o l e ,  below t h e  c a s -  
ing  and above the  producing formation,  t o  s e t  a  packer .  (De ta i l s  a r e  g iven  i n  
t h e  a p p e n d i x .  ) 

A mechanical packer was s e t  i n  a l l  four  we l l s - - t he  main d e v i a t i o n  from 
normal plugging procedure.  A Lynes p roduc t ion - in j ec t i on  packer was used 
because of i t s  expanding f e a t u r e :  t he  element can pass  through the sma l l e s t  
we l l  cas ing  but can expand enough t o  s e a l  a g a i n s t  t h e  wa l l  of t h e  open h o l e ,  
thereby  prevent ing leakage.  To determine i f  each w e l l  was proper ly  plugged-- 
t h a t  i s ,  t o  e s t a b l i s h  t h a t  t h e r e  was no communication i n  t h e  wel lbore  between 
t h e  o i l -  and gas-producing formations and t h e  coalbeds--a  gas  t r a c e r  was 
i n j e c t e d  i n t o  t h e  producing formation be fo re  i t  was plugged. 

Su l fu r  hexa f luo r ide  (SFG) was used a s  the t r a c e r  g a s .  SF6 i s  i n e r t ,  no t  
p r e sen t  i n  t he  environment,  and can be de tec ted  wi th  a  gas  chromatograph i n  
q u a n t i t i e s  a s  low a s  112 p a r t  per  b i l l i o n .  The S& was i n j e c t e d  a t  p r e s su re s  
below 300 p s i  so i t  would remain i n  a  gaseous s t a t e .  I n j e c t i o n  of t he  t r a c e r  
(100 lb--about 250 s c f )  was followed by i n j e c t i o n  of enough n i t rogen  t o  f o r c e  
SF6 from the  tubing i n t o  t h e  o i l  and gas  formation.  A 2- inch br idge  plug was 
then  s e t  i n  a  tubing n i p p l e  a t  t h e  t op  of t h e  packer .  When the  br idge  plug 
was run  i n  t h e  tub ing ,  a  h igh-pressure  l u b r i c a t o r  wi th  g rease  s e a l s  was used 
t o  prevent  t h e  t r a c e r  and n i t r o g e n  from leak ing  back i n t o  t he  c a s i n g .  A 
J - t o o l  i n  t h e  tubing s t r i n g  above the  n i p p l e  on t h e  packer r e l ea sed  t h e  tubing 
from the  packer .  An expanding cement plug was then placed on top of t he  
packer by pumping the  s l u r r y  through t h e  tub ing .  A f t e r  the  cement plug was i n  
p l a c e ,  the  tubing and the  inner  (product ion)  s t r i n g  of cas ing  was pu l l ed  from 
t h e  w e l l .  F i e l d  experience i n  t he  a r e a s  where plugging i s  being conducted i s  
important because t h e  formation can cave i n  i f  too much cas ing  i s  p u l l e d ,  thus  
prevent ing  r e e n t r y  t o  p l ace  cement p lugs .  

Three w e l l s  were plugged back up t o  t h e  base of the  P i t t sbu rgh  coalbed 
and t h e  cas ing  was e i t h e r  pu l led  t o  expose t he  coa l  o r  r ipped  oppos i t e  t he  
coalbed ( f i g s .  5 - 7 ) .  The cas ing  i n  F e t t y  Heirs  w e l l  10 was only 6 yea r s  o ld  
and had been cemented i n .  To prevent  any p o s s i b l e  s a f e t y  hazard i n  t he  mine 
from p e r f o r a t i o n  of t he  cas ing  oppos i t e  t he  c o a l ,  a  sand formation below the  
c o a l  was pe r fo ra t ed  and the  we l l  was plugged back up t o  t he  base of t h i s  pe r -  
f o r a t e d  zone ( f i g .  8 ) .  This  provided t e s t  cond i t i ons  s i m i l a r  t o  t he  o t h e r  
w e l l s ;  t h a t  i s ,  t he  annulus  could be checked f o r  t r a c e r  l e aks .  A f t e r  each 
we l l  was ready f o r  t e s t i n g ,  a  vacuum pump was connected a t  t h e  top of t he  we l l  
and samples were withdrawn d a i l y  ( f i g .  9 ) .  Samples were a l s o  obtained from 
a l l  w e l l s  t h a t  a r e  numbered i n  f i g u r e  1, and from two r e t u r n  a i r  s h a f t s  
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FIGURE 4. - Gamma Ray, Neutron, Cal iper,  and Casing-Col lar  L o g s  Showing Eottom 
Sect ion of Plugged Well. 
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F IGURE 5. - J. Wildrnan Well 15, 1 to r, Before and After Partial Plugging and Completion 
for Testing, and After Plugging to Surface. 
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FIGURE 6. - J. Wildman We11 16, 1 to r, Before and After Partial Plugging and Completion 
for Testing, and After Plugging to Surface. 
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FIGURE 7. - S. Barrackman Well 5, 1 to r, Before and After Partial Plugging and Completion 
for Testing, and After Plugging to Surface. 
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F I G U R E  8. - Fetty Heirs Well 10, 1 to r, Before and After Partial Plugging and Completion 
for Testing, and After Plugging to Surface. 



FIGURE 9. - Sampling a Plugged Well 

for SF6 Tracer. 

FIGURE 10. - Well at Surface After Grading and Reseeding. 



s e r v i n g  t h e  a r e a  of t h e  mine n e a r  the  plugged w e l l s .  Except f o r  two o r  t h r e e  1 
o c c a s i o n s ,  no SF6 was d e t e c t e d  i n  samples o b t a i n e d  twice  d a i l y ,  i n c l u d i n g  week- 
ends ,  from March 16 t o  August 31.  I n s t a n c e s  i n  which SF6 was d e t e c t e d  can  be 
a t t r i b u t e d  t o  unavo idab le  con tamina t ion  from t h e  mechanics o f  i n j e c t i o n .  How- 1 
e v e r ,  t h e  r e a l  e f f e c t i v e n e s s  of  t h e  SF, a s  a  t r a c e r  was r e v e a l e d  when i t  
migra ted  through t h e  producing fo rmat ion  and showed i n  t h e  gas  samples from 
S .  Barrackman w e l l  9 ,  a  producing w e l l ,  a f t e r  J u l y  12 i n a m o u n t s r a n g i n g  up t o  
abou t  200,000 p a r t s  pe r  b i l l i o n .  

Sampling was con t inued  w h i l e  a l l  four  w e l l s  were be ing  plugged back t o  I 
t h e  base  o f  t h e  P i t t s b u r g h  coa lbed .  Plugging t o  t h e  s u r f a c e  was t h e n  com- 1 
p l e t e d  and each s i t e  was graded t o  s u r f a c e  s p e c i f i c a t i o n s  and s e a l e d  ( f i g .  1 0 ) .  1 

D e t a i l s  of t h e  p lugg ing  o f  t h e  f o u r  w e l l s  a r e  g i v e n  i n  t h e  appendix.  

M I N I N G  THROUGH A PLUGGED WELL 

S. Barrackman w e l l  5 was t h e  f i r s t  w e l l  plugged and l e g a l l y  mined through 
a f t e r  passage o f  t h e  Coal Mine Hea l th  and S a f e t y  Act  o f  1969. An agreement 
between t h e  C h r i s t o p h e r  Coal  Co. and t h e  U.S. Department of  t h e  I n t e r i o r ,  I 
e n t e r e d  i n t o  J u l y  31 ,  1971 (Cont rac t  No. 14-09-0070-448), gave t h e  company a n  
e x c e p t i o n  t o  t h e  mandatory s a f e t y  s t a n d a r d  i n  s e c t i o n  317(a)  o f  t h e  F e d e r a l  
Coal  Mine Hea l th  and S a f e t y  Act of  1969 (30 CFR 75.1700) t o  remove t h e  e n t i r e  
b a r r i e r  around W .  H. A l l e n  w e l l  5  (S.  Barrackman) i n  s e c t i o n  16-A o f f  12 s o u t h ,  
Osage No. 3  mine. S e c t i o n  501(c)  o f  t h e  F e d e r a l  Coal  Mine Heal th  and S a f e t y  
Act a u t h o r i z e s  t h e  S e c r e t a r y  of t h e  I n t e r i o r  ( d e l e g a t e d  t o  t h e  D i r e c t o r ,  
Bureau o f  Mines, June  25, 1970, 215 DM 9.1L, 9 .1P,  and 9 .1Q) t o  g r a n t  excep- 
t i o n s  t o  t h e  a p p l i c a t i o n  of  mandatory h e a l t h  and s a f e t y  s t a n d a r d s  t o  a  c o a l  1 
mine opera  t o r  who conduc t s  e x p e r i m e n t a l  and demonstra t  i o n  p r o j e c t s  on b e h a l f  1 
of t h e  D i r e c t o r ,  Bureau of Mines.  

Before  proceeding w i t h  t h e  p r o j e c t ,  C h r i s t o p h e r  Coal Co. a l s o  o b t a i n e d  a  
p e r m i t  from t h e  S t a t e  of  West V i r g i n i a  f o r  t h e  company t o  mine t o  and through 
t h e  o i l  w e l l ,  under t h e  s u p e r v i s i o n  and c o n t r o l  o f  t h e  Bureau of  Mines. 

The s e c t i o n  crew and o t h e r s  who were t o  observe  t h e  mining through of  
S .  Barrackman w e l l  5  e n t e r e d  t h e  mine on t h e  midnight  s h i f t ,  August 7, 1971. 
S e c t i o n  16-A had been h e a v i l y  rock  d u s t e d  by t h e  p rev ious  s h i f t ,  and a  methane 
check was made and t h e  a c c e s s i b l e  r o o f  and r i b s  around t h e  b l o c k  o f  c o a l  con-  
t a i n i n g  t h e  w e l l  were i n s p e c t e d  a t  t ime of e n t r y .  No methane was d e t e c t e d ,  
and t h e  roof  and r i b s  around t h e  w e l l  s u p p o r t  p i l l a r  were i n  good c o n d i t i o n .  
Mining toward t h e  w e l l  was s t a r t e d  a t  1 : 0 0  a.m. No methane was d e t e c t e d  u n t i l  
mining had proceeded t o  w i t h i n  29 f e e t  of t h e  w e l l ,  a t  which t ime 0 .03 p e r c e n t  
methane was recorded  and c rude  o i l  was d e t e c t e d  by smel l  b u t  n o t  by s i g h t .  
Methane c o n c e n t r a t i o n  when mining reached 14 f e e t  from t h e  w e l l  r o s e  t o  0 . 1  
p e r c e n t  and con t inued  a t  t h i s  l e v e l  u n t i l  t h e  w e l l  was mined i n t o  a t  4 :10 a.m. 
Vacuum-bott le samples t a k e n  from around t h e  c a s i n g  were subsequen t ly  ana lyzed  
f o r  SFG and methane ( t a b l e  1 ) ;  methane c o n t e n t  of a i r  i n  t h e  f a c e  a r e a  was 
0 . 1 2  p e r c e n t  (near  r o o f ) .  The c r u d e  o i l  odor was a t t r i b u t e d  t o  a  1-112- inch 
h o l e  where t h e  c a s i n g  had cor roded .  T h i s  h o l e  h a s  p robab ly  e x i s t e d  f o r  y e a r s  

1 and a l lowed c rude  o i l  t o  e n t e r  t h e  c o a l  around t h e  w e l l .  
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7  
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14 
16 
17 
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23 
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26 
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30 
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l ~ e l l  i r  

TABLE 1. - Gas concen t r a t i ons  a f t e r  mining through 
S .  Barrackman w e l l  5 ,  Osage No. 3  mine, 

Chr i s topher  Coal Co.,  percent  

(Dash i n d i c a t e s  no a n a l y s i s )  

I Time I Locat ion i n  mine 

04: 10 
04: 42 
04: 45 
10:48 1 10: 16: 49 32 

16: 33 
08: 10 
08 : 40 
08 : 40 
08: 40 
16: 20 
11: 30 
09: 00 
10: 20 
09: 20 
11:30 
08: 30 
08: 25 
11: 00 
10: 30 
13: 00 
10: 45 
14: 10 
12: 20 
12: 30 
12: 20 
12: 15 

- 
"gob. " 

. . . . .  A t  w e l l  c a s ing  
do . . . . . . .  . . . . . . . . . .  
do . . . . . . .  . . . . . . . . . .  

. . . . . . .  do . . . . . . . . . .  
. . . d o . . . . . . . . . .  . . . .  

do - . . . . . . .  . . . . . . . . . .  
. . . . . . . . . . .  . . . . . . .  do 0 

Casing i n  roof  . . . . . .  - 
Casing i n  pavement. . 0 

do - . . . . . . .  . . . . . . . . . . .  
I n  e n t r y  . . . . . . . . . . . .  - 
. . . . . . .  do . . . . . . . . . . .  0 

do . . . . . . .  . . . . . .  i""  
0 

A t  b l eede r  16-A . . . .  0 
do 0 . . . . . . .  . . . . . . . . . . .  

. . . . . . .  do . . . . . . . . . . .  0 
do 0 . . . . . . .  . . . . . . . . . . .  

. . . . . . .  do . . . . . . . . . . .  0 

. . . . . . .  do . . . . . . . . . . .  0 

. . . . . . .  do . . . . . . . . . . .  0 

. . . . . . .  do . . . . . . . . . . .  0 

. . . . . . .  do . . . . . . . . . . .  0 

. . . . . . .  do . . . . . . . . . . .  0 
do 0 . . . . . . .  . . . . . . . . . . .  
do 0 . . . . . . .  . . . . . . . . . . .  

. . . . . . .  do . . . . . . . . . . .  0 

. . . . . . .  do . . . . . . . . . . .  0 

. . . . . . .  do . . . . . . . . . . .  0 
. . . . . . . . . . .  . . . . . . .  do 0 
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- 
- 

0 
- 

0 
.05 
- 

0 
- 

0 
.09  
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Nitrogen 

I n  mining through,  t h e  w e l l  c a s ing  was broken o f f  ( t h e  ca s ing  had been 
r ipped from t h e  s u r f a c e  p r i o r  t o  cementing, f i g .  l l ) ,  by moving t h e  cont inuous 
miner ( r i p p e r )  head back and f o r t h .  Vacuum-bottle gas samples were taken from 
t h e  w e l l  c a s ing  a f t e r  i t  was removed. Methanometer read ings  i n  f ace  a r e a  of 
the  c o a l  showed 0 . 1  percent  methane. Both t h e  dense cement j acke t  around t h e  
ca s ing  and t h e  cement w i t h i n  t h e  cas ing  were i n  e x c e l l e n t  cond i t i on .  Gas 
samples were e x t r a c t e d  from t h e  ca s ing  u n t i l  t h e  s e c t i o n  became a  "gob" a r e a .  
No t r a c e r  was de t ec t ed  i n  samples from t h e  "gob" b leeder  v e n t i l a t i n g  sec-  
t i o n  16-A through November 1971, thus i n d i c a t i n g  an  e x c e l l e n t  we l l  s e a l .  



FIGURE 11. - Casing From S. Barrackman Well 5 After Mining Through and Removal From 
Pittsburgh Coa lbed. 

CONCLUSIONS 

This work demonstrated t h a t  a c t i v e  low-pressure o i l  and n a t u r a l  gas we l l s  
i n t e r s e c t i n g  coa l  seams can be plugged and sa fe lymined  through, and w i l l  
remain sea l ed  even i f  t he  petroleum-producing formation i s  repressured .  

The p r e c i s e  l o c a t i o n  of the  we l l  i n  t h e  coalbed should be known t o  f a c i l -  
i t a t e  s a f e  mining-through ope ra t ions ,  and w e l l  logs  should be run  before  t he  
w e l l s  a r e  plugged t o  a c c u r a t e l y  l o c a t e  the  minable coa lbeds ,  petroleum- 
producing formiitions, and we l l  cas ing .  

Considerat ion should be g iven  t o  p o s s i b l e  use  of  old w e l l s  a s  power and 
rock-dust-supply ho le s  and f o r  methane dra inage  before  mining through, and 
l a t e r  a s  "gob" dra inage  h o l e s ,  thus  o f f s e t t i n g  p a r t  of t h e  c o s t s  of plugging. 



APPENDIX. --DETAILED SUMMARY FOR PLUGGING WELLS 

J .  Wildman Well 16 (F ig .  6) 

Operat ion  Descr ip t ion  

Geophysical w e l l  l ogs  Gamma ray-neut ron  and c a l i p e r  ( t o t a l  
depth)  

Bottom-hole p re s su re  bui ldup 110 p s i  a f t e r  113 hour s '  s h u t - i n  t ime 

Product ion i n j e c t i o n  packer s e t  1 ,845 f e e t  

I n j e c t i o n  t e s t  

I n j e c t  ion  o f  SF6 

100,000 s c f  o f  n i t r o g e n  a t  2,200 t o  
2,400 p s i ,  s h u t - i n  p re s su re  2,400 p s i ,  
5-hour s h u t - i n  p r e s s u r e  600 p s i ,  
19-hour s h u t - i n  p r e s s u r e  350 p s i  

Bled wel lhead p re s su re  down t o  50 p s i ,  
i n j e c t e d  250 s c f  SF6 a t  94 p s i ,  
i n j e c t e d  17,000 s c f  N, a t  300 p s i ,  
i n j e c t e d  53,000 s c f  N2 a t  1,200 p s i  

2-inch b r idge  plug s e t  1 ,841 f e e t  

Placed plug (through tubing)  Top of packer t o  1,738 f e e t  expanding 
cement (20 sacks)  

Cut 5-3/16-inch cas ing  1,670 f e e t  (pu l l ed  a l l  cas ing)  

Cut 6-5/8-inch ca s ing  1,361 f e e t  (pu l led  131 f e e t )  

P l a c e d p l u g s  ( t h r o u g h t u b i n g )  1 , 7 3 8 t o 1 7 3 6 7 f e e t ,  f l y a s h - g e l - w a t e r  
s l u r r y  (3 t ons  f l y  ash  and 125 l b  
Aquage 1) 

1,367 t o  1,246 f e e t  expanding cement (38 
sacks)  

Pul led  6-5/8-inch ca s ing  t o  
558 f e e t  

Geophysical w e l l  logs  Gamma ray-neu t ron and c a l i p e r  

Placed plugs (through tubing)  1,246 t o  825 f e e t ,  f l y  ash-gel-water  
s l u r r y  (5 .4  tons  f l y  ash  and 65 l b  
Aquagel) 

825 t o  788 f e e t  expanding cement (14 
sacks)  



Operat ion Desc r ip t i on  

788 t o  600 f e e t  f l y  ash-gel-water  s l u r r y  
(2 .4  t ons  f l y  a sh  and 35 l b  Aquagel) 

600 t o  569 f e e t  expanding cement 
(8 sacks)  

14.  Moved r i g  from w e l l  and con- 
nec ted  vacuum pump f o r  
samp l i n g  

15.  C o l l e c t  sample t o  be  analyzed 
f o r  SFG . 

16. Moved r i g  on to  w e l l  t o  com- 
p l e t e  plugging 

17. Placed cement p lug  (dump 
b a i l e r )  

18. Cut 6-5/8- inch ca s ing  

1 9 .  Placed cement plug (poured 
from s u r f a c e )  

20. Pu l l ed  6-5/8-inch ca s ing  

21 .  Placed p lug  ( through tub ing)  

22. S e t  w e l l  monument 

23. Graded and seeded a r e a  

80 days 

569 t o  501 f e e t  expanding cement (20 
sacks)  

494 f e e t  

501 t o  351 f e e t  n e a t  cement (135 sacks)  

494 f e e t  

351 f e e t  t o  s u r f a c e ,  n e a t  cement (294 
sacks)  

10 f e e t  below t o  30 inches  above s u r f a c e  
(6-5/8- inch ca s ing  f i l l e d  w i th  15 sacks  
n e a t  cement) 

Grass growing 

F e t t y  Heirs Well 10 (F ig .  8 )  

1. Geophysical w e l l  logs  G a m  ray-neut ron  and c a l i p e r  ( t o t a l  
depth)  

2. Bot tom-hole p r e s s u r e  bu i ldup  131 p s i  a f t e r  68 hou r s '  s h u t - i n  t ime 

3 .  Product ion i n j e c t i o n  packer s e t  1,923 f e e t  

4.  I n j e c t i o n  t e s t  50,000 s c f  of n i t r o g e n ,  s h u t - i n  p r e s s u r e  
1,280 p s i ,  1-hour s h u t - i n  p r e s s u r e  
840 p s i  



Operat ion 

5 ,  I n j e c t i o n  of SF6 

Desc r ip t i on  

Bled wel lhead p re s su re  down t o  160 p s i  

I n j e c t e d  2,000 s c f  n i t r o g e n  and 125 l b  
SF6 a t  275 p s i  (Na and SF6 
s imul taneous ly)  

I n j e c t e d  38,000 s c f  N, a t  1,040 p s i  

Shut - in  p r e s s u r e  a f t e r  16 hours  480 p s i  

1 b a r r e l  wate r  used t o  wash down tub ing  

6.  2- inch b r idge  p lugs  s e t  1 ,913 f e e t  

7. Placed p lugs  ( through tub ing)  Top of packer t o  1,820 f e e t  expanding 
cement (7 sacks)  

1,820 t o  1,347 f e e t ,  Pozmix cement (22 
sacks)  

1,347 t o  1,230 f e e t ,  expanding cement 
(8 sacks)  

1,230 t o  684 f e e t ,  Pozmix cement (24 
sacks)  

8.  Pe r fo ra t ed  c a s i n g  20 h o l e s ,  664 t o  669 f e e t  

9. c o l l e c t  samples t o  be analyzed 58 days 
f o r  SF6 

10.  Moved r i g  on to  w e l l  t o  com- 
p l e t e  plugging 

11. Cut 4-112-inch ca s ing  274 f e e t  ( pu l l ed  from ho l e )  

12. Placed plug ( through tubing)  684 f e e t  t o  s u r f a c e ,  n e a t  cement (150 
sacks)  

13. S e t  w e l l  monument 10 f e e t  below s u r f a c e  t o  30 inches  above 
( f i l l e d  6-inch ca s ing  w i t h  cement) 

14. Graded and seeded a r e a  Grass growing 

S .  Barrackman Well 5 (Fig.  7) 

1. Geophysical w e l l  l ogs  Gamma ray-neut ron  and c a l i p e r  ( t o t a l  
depth)  



Operat ion Desc r ip t i on  

2. Bottom-hole p re s su re  bu i ldup  48 p s i  a f t e r  46 hou r s '  s h u t - i n  t ime a t  
78" F  

3.  Product ion i n j e c t i o n  packer s e t  2,185 f e e t  

4 .  I n j e c t i o n  t e s t  

5 .  I n j e c t i o n  of  SF6 

225 sc f  n i t r o g e n  a t  110 p s i ,  12 s c f  
n i t rogen  a t  80 p s i  (14 hours)  

Bled wellhead p re s su re  down t o  40 p s i ,  
i n j e c t e d  325 sc f  N2 and 125 l b  SF6 (N2 
and SF6 i n j e c t e d  s imultaneously)  

I n j e c t e d  800 scf  n i t rogen ,  s h u t - i n  pres -  
s u r e  a f t e r  14 hours  80 p s i  

6. 2-inch br idge  plug s e t  2,180 f e e t  

7. Placed plugs (through tubing)  Top of packer t o  2,080 f e e t ,  expanding 
cement (10 sacks)  

2,080 t o  1,883 f e e t ,  f l y  ash-gel-water  
s l u r r y  ( 1  ton f l y  a sh  and 40 l b  Aquagel) 

1,883 t o  1,843 f e e t ,  expanding cement 
(8 sacks)  

8 .  Cut 5-3116-inch ca s ing  1,831 f e e t  (pu l led  a l l  cas ing)  

9 .  Geophysical we l l  log Gamma ray-neutron and c a l i p e r  ( t o  1,843 
f e e t )  

10. Placed plug (dump b a i l e r )  1,843 t o  1,778 f e e t ,  expanding cement 
(27 sacks)  

11. D i r e c t i o n a l  survey 1,000 f e e t ,  determine exac t  l o c a t i o n  of 
w e l l  i n  mine 

12. Placed plugs (through tubing)  1,778 t o  1,464 f e e t ,  expanding cement 
(58 sacks) 

1,464 t o  950 f e e t ,  f l y  ash-gel-water  
s l u r r y  (4 tons f l y  a sh  and 200 l b  
Aquagel) 

950 t o  887 f e e t ,  expanding cement 
(13 sacks) 

13. Ripped ca s ing  

1 .  Cement r e t a i n e r  s e t  

862 f e e t ,  3  c u t s  1 f o o t  long 

853 f e e t  



Operat ion Descr ip t ion  

Placed plugs (through tubing)  887 t o  853 f e e t ,  nea t  cement (35 sacks)  

864 t o  743 f e e t  behind 6-518-inch ca s ing  
(squeezed 16 sacks  of n e a t  cement a t  
400 p s i  wellhead p re s su re )  

853 t o  847 f e e t ,  nea t  cement ( 1  sack) 

Placed cement behind 6-518- 165 f e e t  t o  s u r f a c e ,  nea t  cement (300 
inch cas ing  sacks)  (165 f e e t  of 1-inch p ipe  run i n  

annulus  t o  p l ace  cement) 

Ripped ca s ing  ( t o  weaken cas ing  832 t o  840 f e e t ,  4 c u t s  (2 c u t s ,  4 f e e t  
and t o  sample f o r  p o s s i b l e  f a l l  i n t o  o t h e r  c u t s )  
t r a c e r  l e aks  behind ca s ing )  

C o l l e c t  samples t o  be analyzed 73 days 
f o r  SF6 

Placed plug (through tubing)  847 f e e t  t o  s u r f a c e ,  nea t  cement (200 
sacks)  

Se t  we l l  monument 10 f e e t  below t o  3 f e e t  above s u r f a c e  
( f i l l e d  wi th  cement) 

Graded and seeded a r e a  See f i g u r e  10 

J .  Wildman Well 15 (F ig .  5) 

Geophysical w e l l  logs Gamma ray-neutron and c a l i p e r  ( t o t a l  
depth)  

Bottom-hole p re s su re  bui ldup 99 p s i  a f t e r  64 hou r s '  s h u t - i n  time 

Product ion i n j e c t i o n  packer s e t  1,836 f e e t  

I n j e c t i o n  t e s t  500 sc f  n i t rogen  a t  60 p s i  

I n j e c t  ion  of SF6 

6. 2- inch b r idge  plug set 

I n j e c t e d  250 s c f  N2 and 125 l b  SF6 a t  
90 p s i  (N2 and SF6 i n j e c t e d  
s imultaneously)  

I n j e c t e d  1,000 sc f  N 2 ,  s h u t - i n  p r e s s u r e  
175 p s i ,  s h u t - i n  p re s su re  a f t e r  13 
hours  110 p s i  

1,828 f e e t  



Operat ion 

7. Placed plugs 

Descr ip t ion  

Top of packer t o  1,819 f e e t ,  f i e l d  s tone  
(br idge)  

1 ,819 t o  1 ,804 f e e t ,  nea t  cement 
(2  sacks)  

1,804 t o  1,754 f e e t ,  l imestone c h i p s  
(br idge)  

1,754 t o  1,729 f e e t ,  c l a y  

1,729 t o  1,534, g e l l e d  water  (230 g a l  
water  and 1 sack  Aquagel) 

1,538 f e e t  set brush plug (branch of 
t r e e )  . 

1,538 t o  1 ,536 f e e t ,  l imestone c h i p s  
(br idge)  

1,536 t o  1,523 f e e t ,  nea t  cement 
(3 sacks)  

8 .  Cut 4-718-inch ca s ing  1,427 f e e t  (pu l led  a l l  cas ing)  

9 .  Placed plugs 1,523 t o  1,254 f e e t ,  Aquagel and water  

1,254 f e e t ,  brush plug 

1,254 t o  1,252 f e e t ,  l imestone c h i p s  
(br idge)  

1,252 t o  1 ,133 f e e t ,  nea t  cement (30 
sacks)  

820 f e e t ,  brush plug 

820 t o  720 f e e t ,  l imestone ch ips  (br idge)  

610 f e e t ,  b rush  plug 

610 t o  600 f e e t ,  l imestone ch ips  (br idge)  

600 t o  593 f e e t ,  n e a t  cement (5 sacks)  

10. Pul led  ca s ing  532 f e e t ,  6-518-inch cas ing  c u t  a t  593 
f e e t  (removed 61 f e e t  of cas ing)  



Operat ion 

11. Placed plugs 

12. Geophysical w e l l  l ogs  

13. Pul led  cas ing  

14. Geophysical w e l l  logs 

15. Placed plugs 

16. Hole caved 

17. Placed plugs 

Descr ip t ion  

593 t o  546 f e e t ,  l imestone c h i p s  (br idge)  

546 t o  534 f e e t ,  nea t  cement (2 sacks)  

Gamma ray-neutron and c a l i p e r  ( t o  534 
f e e t )  

511 f e e t ,  P i t t sbu rgh  coalbed exposed 
(pul led  cas ing  t o  468 f e e t )  

G a m  ray-neutron and caliper ( t o  534 
f e e t )  

534 t o  487 f e e t ,  n e a t  cement (21  sacks)  

472 f e e t ,  brush plug 

472 t o  470 f e e t ,  l imestone ch ips  (br idge)  

470 t o  413 f e e t ,  n e a t  cement (pul led  
cas ing  t o  383 f e e t )  

389 f e e t ,  brush plug 

389 t o  387, l imestone ch ips  (br idge)  

387 t o  214 f e e t ,  Aquagel and water  
(4 sacks Aquagel) (pu l l ed  cas ing  t o  189 
f e e t )  214 f e e t  brush plug 

192 f e e t  br idged 

D r i l l e d  ou t  b r idge  and l o s t  brush plug 
(pu l l ed  6-518-inch cas ing  from wel l - -  
189 f e e t )  

214 f e e t ,  brush plug 

214 t o  208 f e e t ,  l imestone ch ips  (br idge)  

208 t o  151 f e e t ,  nea t  cement (57 sacks)  

151 t o  40 f e e t ,  Aquagel and water  

40 f e e t ,  brush plug 

40 t o  17 f e e t ,  s t one  and c l a y  (br idge)  



Operat i on  

18. S e t  w e l l  monument 

19. Graded and seeded a r e a  

Desc r ip t i on  

17 f e e t  below t o  3 f e e t  above s u r f a c e ,  
n e a t  cement i n s i d e  and ou t  (13 sacks)  

Grass  growing 
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