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DEGASIFICATION OF THE MARY L E E  COALBED NEAR OAK GROVE, 
JEFFERSON COUNTY, ALA., BY VERTICAL BOREHOLE 

IN ADVANCE OF MINING 

C. H. Elder 1 and Maurice Deul 

ABSTRACT 

A 5 - h o l e  p a t t e r n  was d r i l l e d  from t h e  s u r f a c e  a t  a  s i t e  n e a r  Oak Grove, 
J e f f e r s o n  County, A l a . ,  t o  d e g a s i f y  t h e  g a s s y  Mary Lee coalbed i n  advance o f  
mining.  Gas and w a t e r  p r o d u c t i o n  was moni tored f o r  1 y e a r ,  4 months t o  a l low 
gas  f low t o  s t a b i l i z e  f u l l y .  A th ickened  w a t e r  s t i m u l a t i o n  t rea tment  was 
des igned  and a p p l i e d  i n  one h o l e  o f  t h e  p a t t e r n  t o  e v a l u a t e  t h i s  
d e g a s i f i c a t i o n  t echn ique  f o r  t h e  Mary Lee coa lbed .  A gas p r o d u c t i o n  r a t e  o f  
70,000 f t 3  /day a f t e r  s t i m u l a t i o n  t r e a t m e n t  i n d i c a t e s  t h a t  t h e  u s e  of v e r t i c a l  
boreho les  coupled w i t h  h y d r a u l i c  f r a c t u r i n g  i n  advance o f  mining t h e  Mary Lee 
coa lbed  would p r o v i d e  f o r  more r a p i d  d e g a s i f i c a t i o n  and could  p r o v i d e  a  
p o s s i b l e  s o u r c e  o f  n a t u r a l  gas .  

INTRODUCTION 

D e g a s i f i c a t i o n  o f  coa lbeds  through v e r t i c a l  boreho les  from t h e  s u r f a c e  i s  
p a r t  o f  t h e  comprehensive methane c o n t r o l  r e s e a r c h  program conducted by t h e  
Bureau o f  Mines. The t echn ique  h a s  been a p p l i e d  e x p e r i m e n t a l l y  a t  s e l e c t e d  
s i t e s  i n  most o f  t h e  major  bituminous c o a l  producing a r e a s  i n  t h e  United 
S t a t e s .  One such s i t e  i s  J e f f e r s o n  County, A l a . ,  where a  mine i s  being 
developed i n  t h e  Mary Lee coa lbed .  A d e g a s i f i c a t i o n  p a t t e r n  o f  5 h o l e s  was 
d r i l l e d  a t  t h i s  s i t e  May 22 through J u l y  11, 1971. Moni tor ing o f  g a s  and 
w a t e r  p r o d u c t i o n  began September 16,  1971. P roduc t ion  from boreho le  No. 3SW 
was n e a r l y  cont inuous  u n t i l  June 28, 1973, when i t  was s t i m u l a t e d  by h y d r a u l i c  
f r a c t u r e  t o  i n c r e a s e  t h e  r a t e  o f  d e g a s i f i c a t i o n  o f  t h e  coa lbed .  This  s t u d y  
showed t h a t  t h e  combined p rocedure  shou ld  d e c r e a s e  t h e  hazard  o f  methane 
i g n i t i o n s  and e x p l o s i o n s  d u r i n g  mining.  I t  a l s o  demonstra ted t h e  f e a s i b i l i t y  
o f  p r o v i d i n g  supplemental  s o u r c e s  o f  f u e l  through t h e  recovery  o f  methane t h a t  
would o t h e r w i s e  be wasted t o  t h e  atmosphere.  

G e o l o g i s t .  
2 Superv i sory  g e o l o g i s t .  
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BACKGROUND 

During 1971, underground coa l  mines i n  t h e  United S t a t e s  vented n e a r l y  
300 m i l l i o n  f t 3  o f  methane t o  t h e  atmosphere each day. To d i l u t e  t h i s  gas t o  
s a f e  l e v e l s  i n  t h e  mines,  more than  100 times t h i s  q u a n t i t y  o f  a i r  had t o  be 
c i r c u l a t e d  through t h e  mine workings. I f  some of t h i s  gas  could have been 
removed from t h e  coalbeds before  mining s t a r t e d ,  mine v e n t i l a t i o n  c o s t s  could 
have been reduced, and a  marketable  energy product  could have been conserved. 

Commercial q u a n t i t i e s  of  gas have been produced from t h e  P i t t sbu rgh  
coalbed i n  Wetz-el County, W. Va. (1-2)3 - where produc t ion  d e c l i n e  curve f o r  a  
group of  20 w e l l s  on 1,500-foot  spac ing  was t y p i c a l  and i n d i c a t e d  no p a r t i c u -  
l a r  flow c h a r a c t e r i s t i c s  a s  a  coal-gas  r e s e r v o i r .  Research on d e g a s i f i c a t i o n  
of  t h e  P i t t s b u r g h  coalbed by s u r f a c e  boreholes  t o  reduce gas emissions i n t o  
mine workings was p ioneered  by Spind le r  and Poundstone (13-14). The i r  r e s u l t s ,  
coupled w i th  known commercial p roduc t ion ,  i n d i c a t e d  t h a t  d e g a s i f i c a t i o n  by 
v e r t i c a l  boreholes  i n  advance of  mining was encouraging bu t  r equ i r ed  f u r t h e r  
s t udy  i n  o t h e r  coalbeds and us ing  s t i m u l a t i o n  techniques .  

I n  1971, a  p r o j e c t  was i n i t i a t e d  t o  exp lo re  t h i s  d e g a s i f i c a t i o n  technique 
a t  t e s t  s i t e s  l oca t ed  i n  t h e  major coa l  producing bas in s  throughout t h e  United 
S t a t e s  t h a t  a r e  known t o  have h igh ly  gassy  coa lbeds .  The o b j e c t i v e s  were t o  
d r i l l  5-hole p a t t e r n s  i n t o  s e l e c t e d  gassy coa lbeds ,  develop r e s e r v o i r  
parameters ,  and e v a l u a t e  w e l l  s t i m u l a t i o n  techniques  f o r  a c c e l e r a t i n g  t h i s  
d e g a s i f i c a t i o n  procedure.  Several  c r i t e r i a  were used t o  e s t a b l i s h  t e s t  
s i t e s :  A h i s t o r y  of  gas  emission i n t o  t h e  mine workings,  a  s i t e  l o c a t i o n  i n  
v i r g i n  coa l  3  t o  5  yea r s  i n  advance of mine development, a  s i t e  remote from 
o l d  mine workings,  and a t  l e a s t  one h o l e  i n  each p a t t e r n  t o  be s t imu la t ed .  

DRILLING AND COMPLETION 

The t e s t  s i t e  s e l e c t e d  i n  t h e  Mary Lee coalbed was i n  23, T 18 S, R 6 W ,  
n ea r  Oak Grove, J e f f e r s o n  County, A la . ,  i n  t h e  Warrior c o a l f i e l d  ( f i g s .  1 -3) .  
The s i t e  i s  on a  s t r u c t u r a l  nose on t h e  f l a n k  o f  t h e  Sequatchie  a n t i c l i n e  
( f i g .  4 ) .  The t e s t  ho l e s  were d r i l l e d  i n  v i r g i n  c o a l  i n  an a r e a  not  be mined 
f o r  3  t o  5 yea r s  and remote from any o l d  mine. A w e l l  spac ing  of  1 ,500 f e e t  
between ho les  was s e l e c t e d  between t h e  corner  ho les  of  a  square  p a t t e r n ;  a  
f i f t h  h o l e  was l oca t ed  a t  t h e  c e n t e r  of  t h e  square .  

D r i l l i n g  of  t he  5-hole  t e s t  p a t t e r n  began May 22, 1971, and was completed 
J u l y  11, 1971. Nine-inch-diameter ho les  were d r i l l e d  w i t h  s t anda rd  r o t a r y  

3Underlined numbers i n  paren theses  r e f e r  t o  i tems i n  t h e  l i s t  of r e f e r ences  
preceding t h e  appendixes.  
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d r i l l i n g  equipment. D r i l l  
c u t t i n g s  were removed by 
c i r c u l a t i n g  a i r  o r  water  
dur ing  d r i l l i n g .  The ho le s  
were d r i l l e d  t o  t h e  top of  
t he  coalbed and cased t o  
provide f o r  open ho le  
completion i n  the  coa l  
i n t e r v a l .  Open hole  
completion provides  t h e  
maximum exposure of  t h e  
coalbed t o  product ion of  gas 
wi th  minimal chance of 
formation plugging by 
invas ion  of wel l  cement. 

When d r i l l i n g  t o  t h e  
top of  the  coalbed was 
completed, the  ho l e s  were 
logged with geophysical  
logging equipment ( f i g .  5 ) .  
Gamma ray ,  neu t ron ,  d e n s i t y ,  
and c a l i p e r  logs a r e  used t o  
determine ho l e  condi t ion  
before  cas ing  the  ho l e  and 
t o  eva lua t e  porous zones i n  
t h e  s t r a t a  over ly ing  t h e  
coalbed t h a t  may con ta in  
water  o r  gas .  

The ho le s  were cased 
with 7-inch-OD s t e e l  cas ing  
cemented from bottom t o  s u r -  
f  ace w i th  expanding type 
cement. Seven-inch-OD 
cas ing  was s e l e c t e d  so  t h a t  
t h e  d e g a s i f i c a t i o n  boreholes  FIGURE 1. - Map showing maior structure axes in the 
could be used f o r  o t h e r  

Warrior coalfield of Alabama. purposes a f t e r  mine develop- 
ment has  bypassed them, such a s  power and communication system e n t r y  i n t o  t h e  
mine, bulk supply p o i n t  f o r  rock d u s t ,  and f o r  gob d e g a s i f i c a t i o n  of  longwall  
pane ls  o r  a f t e r  p i l l a r  recovery.  

A f t e r  cas ing  was s e t ,  t h e  coalbed was cored c u t t i n g  a  6- inch ho le  and 
r e t r i e v i n g  a  4- inch core .  Coring was done wi th  a i r  t o  l i m i t  p o s s i b l e  phys i ca l  
damage t o  t h e  coalbed t h a t  would i n h i b i t  t h e  flow of  gas during t h e  degas i f i ca -  
t i o n  pe r iod .  

Immediately fol lowing co r ing ,  the  coalbed was t e s t e d  f o r  formation p r e s -  
s u r e  and flow r a t e s  of  water  and gas .  For t h i s  purpose a  test t o o l  and 
?ackers  on the  bottom o f  a  s t r i n g  of  d r i l l  p ipe  were i n s e r t e d  i n t o  t h e  h o l e ,  
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LEGEND 

Sandstone EZE! Shale Cool and t h e  c o a l  o r  p roduc ing  
i n t e r v a l  was packed o f f .  
P r e s s u r e  m o n i t o r i n g  e lements  
i n  t h e  t e s t  t o o l  c o n t i n u o u s l y  
recorded  t h e  p r e s s u r e  bu i ldup  
and flow p r e s s u r e s  f o r  
p r e s e l e c t e d  i n t e r v a l s  o f  t ime.  
F i n a l l y  dewate r ing  pumps and 
r e c o r d i n g  gas  and wa te r  me te r s  
were i n s t a l l e d ,  (For f u r t h e r  
d e t a i l s  o f  d r i l l i n g ,  c a s i n g ,  
and t e s t i n g  o f  t h e  h o l e s ,  g a s  
w e l l  h i s t o r i e s  i n  appendix  E . )  

GAS AND WATER PRODUCTION 

Gas and w a t e r  p r o d u c t i o n  
m o n i t o r i n g  began on September 
September 1 6 ,  1971,  f o r  h o l e  
No. 3SW, and t h e  f u l l  p a t t e r n  
was p u t  on p r o d u c t i o n  
February  24, 1972. The p a t -  
t e r n  o f  5  h o l e s  produced 
16,215,000 f t 3  og g a s  and 
36,565 b a r r e l s  o f  w a t e r  t o  
A p r i l  1, 1974 ( f i g s .  6 -7 ) .  The 
d a i l y  averages  were  c a l c u l a t e d  
f o r  2-week p e r i o d s  o f  produc- 
t i o n  and p l o t t e d  (appendix  C) . 
The low p r o d u c t i o n  from h o l e s  
Nos. lNE, 2SE, and 4NW is  
a t t r i b u t e d  t o  low v a r i a b l e  
p e r m e a b i l i t y  and some forma- 
t i o n  damage from d r i l l i n g  
f l u i d s  b lock ing  t h e  f low o f  g a s .  

There  is  an i n c r e a s e  o f  
p e r m e a b i l i t y  w i t h  t ime  o f  
dewate r ing  (1J). Th i s  may 
account  f o r  t h e  c o n t i n u e d  
i n c r e a s e  i n  p r o d u c t i o n  r a t e  f o r  
h o l e s  Nos. 3SW and 5 C .  Produc- 
t i o n  d a t a  from t h i s  p a t t e r n  and 
o t h e r  coa lbeds  i n d i c a t e  t h a t  
s t a b l e  f low r a t e s  r e q u i r e  long  
p e r i o d s  o f  t ime  t o  a l l o w  f o r  

,, dewate r ing  of  t h e  coa lbed  and 
GAMMA RAY.  BULK DENSITY, g/crn3 achievement o f  s t e a d y - s t a t e  

API UNITS f low.  Low i n i t i a l  p r o d u c t i o n  

FIGURE 5. - Gamma ray,density,and lithologic logs s u g g e s t s  t h a t  a l l  d e g a s i f i c a -  
of the Mary Lee  coalbed overburden. t i o n  h o l e s  shou ld  be s t i m u l a t e d  
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FIGURE 6. - Gas production rates for degasification boreholes. Daily average computed on 
2-week production intervals. 

t o  ach ieve  maximum e f f i c i e n c y  t o  d e g a s i f i c a t i o n .  Maximum formation p re s su re  
p r i o r  t o  f i r s t  p roduct ion  was measured a t  396 p s i .  The p r e s s u r e  d e c l i n e  f o r  
t h e  No. 3SW ho le ,  up t o  t h e  t i m e  o f  s t i m u l a t i o n ,  was 56 p s i  over  a  pe r iod  of  
16 months. During t h i s  pe r iod ,  p roduct ion  r a t e  was s t i l l  i nc reas ing  and had 
not  completely s t a b i l i z e d .  

Borehole No. 3SW has produced t h e  g r e a t e s t  q u a n t i t y  of  gas  of t h e  bore- 
ho l e s  i n  t he  p a t t e r n ,  1,684,700 f t 3  during t h e  16 months of  p roduct ion  before  
s t imu la t i on .  Contrary t o  many o i l  and gas  r e s e r v o i r s ,  p roduct ion  from t h e  
Mary Lee coalbed had a very  low i n i t i a l  p roduct ion  r a t e  t h a t  increased  wi th  
time and an expanding c o l l e c t i o n  r ad ius  r e s u l t i n g  from dewatering of  t h e  
coalbed. 

Analyses of water  sarnples from borehole  No. 3SW showed 1,530 ppm 
d i s so lved  s o l i d s ,  o f  which 9 ppm i s  calcium, 0 .3  ppm i r o n ,  and 700 ppm 
c h l o r i d e  (as  NaC1). N o  magnesium o r  s u l f a t e s  were de t ec t ed .  Table  1 gives  
corresponding gas  ana lyses .  The gas  from t h e  Mary Lee coalbed has  a  hea t  
conten t  of  970 t o  990 Btu. 
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FIGURE 7. - Water product ion rates for degas if icat ion boreholes. D a i  ly average computed on 
2-wee k product ion interva Is. 



TABLE 1. - Gas ana lyses  

INCREASED GAS now BY STIMULATION PROCEDURES 

Date 

4/72 

7/3/73 

10/17/73 

A coalbed gene ra l l y  has  low permeabi l i ty  and t h e  r a t e  of desorp t ion  of  
gas from coa l  around a d e g a s i f i c a t i o n  borehole  depends on t h e  s u r f a c e  a r e a  
exposed. There i s  need t o  i nc rease  t h e  permeabi l i ty  of  coa l  around t h e  
borehole and t o  extend t h e  dra inage  r a d i u s .  This can be done by thickened 
water  s t imu la t i on .  This process  i s  no t  explos ive  and does no t  c r e a t e  a 
s h a t t e r  zone. Experience has  shown t h a t  i t  produces v e r t i c a l  f r a c t u r e s  o r  
openings and extends e x i s t i n g  f r a c t u r e s  o r  j o i n t s  (4 ,  1, 9 ) .  The f r a c t u r e s  
a r e  opened 0 .2  t o  0 .4  inches and packed wi th  propping sand, thus  i n c r e a s i n g  
pe rmeab i l i t y  a long t h e  f r a c t u r e  and extending t h e  dra inage  r ad ius  s e v e r a l  
hundred f e e t  f o r  gas  flow. 

The gas emission r a t e  a t  ho l e  No. 3SW had been monitored long enough t o  
e s t a b l i s h  a product ion r a t e  t rend  a g a i n s t  which t h e  e f f e c t  of a thickened 
water  s t i m u l a t i o n  procedure could be eva lua ted .  

Sample 

{i 
(2 

5 

The fol lowing c r i t e r i a  were used i n  t h e  design of  t h e  s t i m u l a t i o n  
procedure : 

I n j e c t i o n  r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  bbl/min..  
Formation th ickness  .............................. f t . .  
E l a s t i c  modulus of coalbed . . . . . . . . . . . . . . . . . . . . . . p  s i . .  
Formation pe rmeab i l i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . .  md.. 
Formation p o r o s i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c t . .  
Bottom h o l e  t rea tment  p re s su re  . . . . . . . . . . . . . . . . . . p  s i . .  
Formation p r e s s u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s i . .  

........................ Reservoir  f l u i d  v i s c o s i t y  c p . .  
Type of  g e l  (Hal l ibur ton)  ...........................* 

. . . . . . . . . . . . . . . . . . . . . . . .  Gel concen t r a t i on  l b /  g a l . .  
................................. Well bore r ad ius  f t . .  

Damage r a t i o  ......................................... 
Size  of  prop sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mesh.. 

. . . . . . . . . . . . . . . . . . .  Concentrat ion of  prop sand l b / g a l . .  
S t imula t ion  f l u i d  volume . . . . . . . . . . . . . . . . . . . . . . . . g  a l . .  
Pump t r u c k  c a p a c i t y  . . . . . . . . . . . . . . . . . . . .  hydrau l i c  hp . .  

BoreholeC02 

3SW 
3SW 
3SW 
3SW 
3SW 

2.9 
2.6 
0 

C Q  

0 , 1 9 6 . 2 0 . 0 1  
. 1 9 5 . 9  

88.6 
89.1 
96.7 

C 2 b  

.01 

.08 

.08 

. O 1  

C B h  

- 
- 

0.018 
,019 
Tr .  

C4HI0 

- 
- 

0.002 
,002 - 

C5H12 

- 
- 

0.0003 
.0003 - 

H2 

0 .01 
.01 

3.9 
3.9 
0 

He 

0.26 
.28 - 
- 
-22  

0, 

0 .0  
.1 
. 2  
. 2  

0 

I n e r t s  
N, and 

A 
3.4 
3.6 
4 . 3  
4 .1  
3.0 



The s t i m u l a t i o n  des ign  p l a n  of  Ha l l i bu r ton  Well Serv ices  Co. was used t o  
c a l c u l a t e  t h e  fo l lowing  computer s imu la t i on  ou tpu t  (8 ) :  

A f r a c t u r e  t rea tment  u s ing  10,000 g a l l o n s  f r a c t u r e  f l u i d  and 6,000 pounds 
of  10 t o  20 mesh propping sand was chosen. 

For t h i s  s t i m u l a t i o n  experiment,  h igh-pressure  (2-718-inch) tub ing  w i t h  
a  t e n s i o n  packer  i n  t h e  s t r i n g  was run i n  t h e  ho le .  The packer  was s e t  a t  
988 f e e t  i n  t h e  7-inch w e l l  c a s ing  w i th  t h e  bottom end of  t h e  tub ing  a t  t h e  
midpoint of t h e  coalbed. One thousand s i x  hundred g a l l o n s  of wate r  was 
pumped i n t o  t h e  c o a l  wi th  i n c r e a s i n g  p re s su re  t o  ach ieve  format ion break and 
s t a r t  f r a c t u r e  p ropaga t ion .  The coalbed broke a t  800 p s i g  ( f i g .  8 ) .  Con- 
t inuous  f r a c t u r e  p ropaga t ion  was e s t a b l i s h e d  a t  1,100 t o  1,200 p s i  pumping 
p r e s s u r e  and a  s t eady  10 bbl lmin i n j e c t i o n  r a t e .  The wate r  was followed wi th  
10,000 ga l l ons  of  ge l led-wate r  f r a c t u r i n g  f l u i d  wi th  112 l b  of propping sand 
p e r  g a l l o n  a t  s t a r t .  A f t e r  2  t o  3  minutes ,  t h e  sand i n j e c t i o n  r a t e  was 

F rac tu re  f l u i d  
volume, g a l  

10,000 
15,000 

F rac tu re  
width,  i n  

0.24 
.26 

0 4 8 12 16 20 24 28 32 36 40 44 48 

TIME, min 

Sand 
l b  

5,600 
7,400 

Product ion 
i n c r e a s e  

11.7 
15 .6  

4,000 

. - 3,000 
In 
a 

w' 
rK 
3 2,000 
v, 

8 
rK 

FIGURE 8. - Hydraul ic fracture st imulat ion pressure and f lu id  in ject ion charts. 
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FIGURE 9. - Gas and water production for degasification borehole No. 3SW showing produc- 
t ion rate increase after fracture s t  irnu lat ion. 

p e r  g a l l o n  a t  s t a r t .  A f t e r  2 Lo 3 minutes ,  t h e  sand i n j e c t i o n  r a t e  was 
i n c r e a s e d  t o  314 l b / g a l .  The f r a c t u r e  propagated normal ly  du r ing  i n j e c t i o n .  



Following t h e  s t i m u l a t i o n  t h e  we l l  was shu t  i n  f o r  18 hours ,  then t h e  
packer was unseated and t h e  2-718-inch tub ing  was removed from t h e  borehole .  
The h o l e  was swabbed f r e e  of  f l u i d ,  and 30 f e e t  of sand accumulation a t  t h e  
bottom of t h e  ho l e  was removed wi th  a  sand pump b a i l e r .  Af t e r  c l eanou t ,  t he  
water  pump was r e i n s t a l l e d  i n  t he  ho l e ,  and product ion  monitor ing was resumed. 
A l l  of  t he  f r a c t u r i n g  f l u i d  was recovered from the  formation wi th  pumping. 

The gas flow r a t e  i nc reased ,  a f t e r  t h e  f r a c t u r i n g  process ,  from 4,520 t o  
5,000 f t 3 /day  t o  a  maximum r a t e  of  90,000 f t 3 /day  i n  11 days. During t h e  
next  7  months t h e  flow r a t e  dec l ined  normally.  The gas flow r a t e  l e v e l l e d  o f f  
a t  f70,000 f t3/day--a  f o l d  i n c r e a s e  i n  flow r a t e  from the  borehole  ( f i g .  9 ) .  
This  product ion i n c r e a s e  i s  very c l o s e  t o  t h e  c a l c u l a t e d  product ion  inc rease .  

SUMMARY AND DISCUSSION 

Product ion h i s t o r y  i n d i c a t e d  t h a t  coa l  i n  t he  Mary Lee coalbed has  a 
v a r i a b l e  but  low in -p l ace  permeabi l i ty .  A s t i m u l a t i o n  procedure,  such a s  
hyd rau l i c  f r a c t u r i n g ,  was needed t o  extend t h e  c o l l e c t i o n . r a d i u s  by 
i n c r e a s i n g  t h e  pe rmeab i l i t y  of  t he  coa l  around t h e  borehole .  The propped 
induced f r a c t u r e s  provided a  l a r g e r ,  more permeable, c o l l e c t i o n  r a d i u s  f o r  gas 
product ion  and increased  t h e  gas product ion  r a t e  fou r t een  fo ld .  

With p rope r ly  spaced, s t i v u l a t e d  d e g a s i f i c a t i o n  boreholes  over t h e  e n t i r e  
coa l  mine p rope r ty ,  t he  coalbed could be m a t e r i a l l y  degas i f i ed ,  w i th  t i m e ,  
p r i o r  t o  mining. This  would reduce t h e  c o s t  of mine v e n t i l a t i o n ,  make t h e  
mine s a f e r ,  and i n c r e a s e  mine p r o d u c t i v i t y .  Af te r  mining i n t e r c e p t s  t h e  h o l e s ,  
t he  boreholes  can s e r v e  a s  c o m u n i c a t i o n ,  power-drop, and rock-dust  supply  
s t a t i o n s .  The ho le s  can a l s o  be used t o  he lp  v e n t i l a t e  gob a r e a  fol lowing 
roof c o l l a p s e  w i th  p i l l a r  e x t r a c t i o n  o r  longwall  mining (5 ) .  F i n a l l y ,  i f  
s u f f i c i e n t  gas  i s  produced, s a l e  o r  u se  of  t he  gas could r ecove r  t he  c o s t  of  
d r i l l i n g  and completion o f  t h e  d e g a s i f i c a t i o n  boreholes .  
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APPENDIX A.--GEOLOGY 

The two coal-producing fo rmat ions  i n  t h e  Warr ior  c o a l f i e l d  o f  Alabama a r e  
t h e  Parkwood Formation o f  M i s s i s s i p p i a n  and E a r l y  Pennsylvanian age and t h e  
P o t t s v i l l e  Formation o f  Pennsylvanian age;  t h e  P o t t s v i l l e  Formation i s  t h e  
major  c o a l  producer  (3, - 1 2 ) .  

The P o t t s v i l l e  Formation c o n s i s t s  o f  i n t e r b e d d e d  g r a y  s h a l e s ,  g r a y  sand  
s h a l e s ,  thin-bedded s a n d s t o n e ,  c o a r s e -  t o  medium-grained massive  s a n d s t o n e ,  
and s e v e r a l  bituminous coa lbeds .  

The Mary Lee c o a l  group,  a p a r t  o f  t h e  P o t t s v i l l e  Formation,  has  t h e  
l a r g e s t  r e s e r v e s  i n  t h e  Warr ior  f i e l d  and c o n s i s t s  o f  t h e  Ream, J a g g e r ,  Blue 
Creek,  Mary Lee,  and New C a s t l e  c o a l b e d s .  

The Mary Lee coalbed i n c l u d e s  f o u r  seams t h a t  may c o a l e s c e  and /or  p i n c h  
o u t .  The seams range from 2 t o  70 inches  i n  t h i c k n e s s ,  and t h e  i n t e r v e n i n g  
s h a l e s  . range from a few i n c h e s  t o  20 f e e t .  

The Warr ior  f i e l d  i s  s i t u a t e d  n o r t h  and west  o f  t h e  Appalachian Mountains 
on t h e  Cumberland P l a t e a u .  The f i e l d  i s  bounded on t h e  s o u t h e a s t  by a major 
t h r u s t  f a u l t .  The c o a l f i e l d  was s t r u c t u r a l l y  f o l d e d  forming t h e  Coalburg 
s y n c l i n e ,  Sequa tch ie  a n t i c l i n e ,  Warr ior  s y n c l i n e ,  and Wylie Dome ( f i g s .  1 - 2 ) .  

The t e s t  s i t e  i s  l o c a t e d  on a smal l  a n t i c l i n a l  nose  on t h e  s o u t h e a s t  
f l a n k  on t h e  Sequa tch ie  a n t i c l i n e  ( f i g s .  1, 3-4).  The Mary Lee coa lbed  
o u t c r o p s  5-1/2 m i l e s  t o  t h e  n o r t h e a s t  o f  t h e  t e s t  s i t e  on t h e  s o u t h e a s t e r n  
f l a n k  o f  t h e  Coalburg s y n c l i n e .  F i e l d  mapping i n d i c a t e s  t h e  expec ted  major 
c l e a t  d i r e c t i o n  i n  t h e  c o a l  t o  be N 70" E and accord ing  t o  J .  L. Huey t h e  
major  rock j o i n t  d i r e c t i o n  ( i n  t h e  overburden) t o  be N 75" W.  



A
PP

E
N

D
IX

 
B

.--
W

E
L

L
 

H
IS

T
O

R
IE

S
 

O
F 

F
IV

E
 

W
EL

LS
 

I
N

 T
H

E 
M

AR
Y 

L
E

E
 

C
O

A
LB

ED
 

N
EA

R 
O

A
K

 
G

R
O

V
E.

 
JE

FF
E

R
SO

N
 

C
O

U
N

TY
. 

A
LA

 . 

TA
B

LE
 

B.
1 

. 
.
 Bu

re
au

 
o

f 
M

in
es

 
w

e
ll

 N
o 
. 

1N
E

 
(

~
~

.1
/

2
, s

e
c

 2
3

. 
T

 1
8

 S
. 

R
 6

 W
) 

N
O

T
E

.-
-F

o
rm

at
io

n
 

p
re

s
s

u
re

 w
as

 
m

ea
su

re
d

 
a

t
 3

96
 

p
s

i 
o 

D
a

te
 

s
ta

rt
e

d
 ..

..
..

..
..

..
..

..
..

..
..

. 
D

a
te

 c
o

m
p

le
te

d
 ..

..
..

..
..

..
..

..
..

..
. ..
 

..
..

..
..

..
..

..
..

..
 

D
ep

th
 

to
 c

o
a

l 
f

t
 ..

 
C

o
al

 
e

le
v

a
ti

o
n

 ..
..

..
..

..
..

..
..

. f
t

 
T

o
ta

l 
d

e
p

th
 ..

..
..

..
..

..
..

..
..

..
 ft

 ..
 

..
 

..
..

..
..

..
..

..
 

S
u

rf
a

c
e

 e
le

v
a

ti
o

n
 

f
t

 
C

a
si

n
g

: 
T

o
ta

l 
d

e
p

th
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

L
e

n
g

th
 

o
f 

1
2

-3
/4

-i
n

-d
ia

m
 

c
a

s
in

g
 ..

..
..

..
..

..
..

..
..

..
..

 ft
 ..

 
L

e
n

g
th

 
o

f 
7

-i
n

-d
ia

m
 

c
a

s
in

g
 ..

. f
t

 ..
 

G
as

 
sh

o
w

s.
 

o
n

 
d

r
il

l 
s

te
m

 
te

s
t 

o
f 

c
o

a
lb

e
d

 .
.
.
.
.
.
.
.
.
.
.
.
.
.
f
t
.
.
 

W
at

er
 ..

..
..

..
..

..
..

..
..

..
..

..
..

 ft
 ..

 

R
o

ta
ry

 t
o

 d
e

p
th

 ..
..

..
..

..
..

..
..

 ft
 ..

 
B

i
t

 s
iz

e
 ..

..
..

..
..

..
..

..
..

..
..

. i
n

 ..
 

In
te

rv
a

l 
c

o
re

d
 ..

..
..

..
..

..
..

..
. f

t
 ..

 
C

o
re

 
s

iz
e

 ..
..

..
..

..
..

..
..

..
..

..
 in

 ..
 

C
o

re
 

re
c

o
v

e
re

d
 ..

..
..

..
..

..
..

..
..

 p c
t

 ..
 

D
O

 ..
..

..
..

..
..

..
..

..
..

..
..

..
..

. f
t
,
.
 

C
o

re
 

re
tu

rn
e

d
 

to
 P

it
ts

b
u

rg
h

, 
P

a 
. 

S
am

p
le

s 
: 

W
at

er
 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

 

M
ay

 
2

2
. 

1
9

7
1

 
Ju

n
e

 
1

0
. 

1
9

7
1

 
1

.0
6

7
.7

 
-6

8
1

.7
 

1
. 0

9
0

 
4

4
9

 

1
. 0

5
9

 

1
1
 

1
, 0

5
9

 

1
,0

4
5

-1
, 

0
7

6
 

6
5

-7
0

, 
8

0
5

-8
1

0
. 

1
, 0

7
0

 
1

, 0
6

3
 

9
 

1
,0

6
3

-1
, 

0
7

6
 5
 

G
as

 ..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

 
T

e
s

ts
 : 

W
at

er
 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

 
G

as
 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. 
L

o
g

s 
: 

..
 

D
e

n
si

ty
 ..

..
..

..
..

..
..

..
. .d

e
p

th
 

f
t

 
N

eu
tr

o
n

 ..
..

..
..

..
..

..
..

..
 de

p
th

 
f

t
 ..

 
G

am
m

a 
ra

y
 ..

..
..

..
..

..
..

. .
d

e
p

th
 

f
t

 ..
 

C
a

li
p

e
r .

..
..

..
..

..
..

..
..

. d
e

p
th

 
f

t
 ..

 
. 

D
r

i
l

l
 s

te
m

 
te

s
t 

N
o 

1
 ..

..
..

..
..

..
 ft

..
 

D
a

te
 o

f 
d

r
il

l 
s

te
m

 t
e

s
t 
..

..
..

..
..

..
..

 
M

ax
im

um
 

s
h

u
t-

in
 p

re
s

s
u

re
 ..

..
..

..
 p s

i
 ..

 
D

a
te

 m
o

n
it

o
ri

n
g

 e
q

u
ip

m
en

t 
1 

in
s

ta
ll

a
ti

o
n

 c
o

m
p

le
te

d
 ..

..
..

..
..

..
..

 
D

a
te

 p
u

m
p

in
g

 
eq

u
ip

m
en

t 
in

s
ta

ll
a

ti
o

n
 ..

 

9
3

 
1

2
.1

 
J

u
ly

 9
. 

1
9

7
1

 

Ju
n

e
 1

0
. 

1
9

7
1

 
Ju

n
e

 
1

0
. 

1
9

7
1

 

Ju
n

e
. 

1
9

7
1

 
Ju

n
e

. 
1

9
7

1
 

J
u

ly
 2

. 
1

9
7

1
 

..
..

..
..

..
..

..
..

..
..

..
..

..
. 

1 .
 

c
o

m
p

le
te

d
 

I 
J

u
ly

 2
. 

1
9

7
1

 
1
 
te

s
t 
. 

M
o

n
it

o
ri

n
g

 
s

ta
r

te
d

 F
eb

 . 
2

4
. 

1
9

7
2

. 
a

f
te

r
 

e
le

c
tr

ic
 p

o
w

er
 

in
s

 ta
ll

a
ti

o
n

 . 



TA
B

LE
 

B
-2

.-
-B

u
re

au
 

o
f 

M
in

es
 w

e
ll

 N
o 
. 

2S
F

 
(C

S
L

, 
s

e
c

 2
3

. 
T

 1
8

 S
. 

R
 6

 
W

) 

D
a

te
 s

ta
rt

e
d

 ..
..

..
..

..
..

..
..

..
..

..
. 

..
..

..
..

..
..

..
..

..
..

. 
D

a
te

 c
o

m
p

le
te

d
 

..
 

D
ep

th
 

to
 c

o
a

l .
..

..
..

..
..

..
..

..
. f

t
 

C
o

al
 

e
le

v
a

ti
o

n
 ..

..
..

..
..

..
..

..
. f

t
 ..

 
T

o
ta

l 
d

e
p

th
 ..

..
..

..
..

..
..

..
..

..
 ft

 ..
 

S
u

rf
a

c
e

 e
le

v
a

ti
o

n
 ..

..
..

..
..

..
..

 ft
 ..

 
C

a
si

n
g

: 
T

o
ta

l 
d

e
p

th
 ..

..
..

..
..

..
..

..
..

 ft
 ..

 
L

en
g

th
 

o
f 

1
0

-3
/4

-i
n

-d
im

 
c

a
s

in
g

 ..
..

..
..

..
..

..
..

..
..

..
 ft

 ..
 

L
en

g
th

 
o

f 
7

-i
n

-d
im

 
c

a
si

n
g

 ..
. f

t
 ..

 
G

as
 

sh
o

w
s,

 
c

o
a

lb
e

d
 a

f
te

r
 

c
o

m
p

le
ti

o
n

 ..
..

..
..

..
..

..
..

..
..

..
..

 
W

at
er

 ..
..

..
..

..
..

..
..

..
..

..
..

..
 ft

 ..
 

Ju
n

e
 

2
6

. 
1

9
7

1
 

J
u

ly
 2

. 
1

9
7

1
 

1
,0

6
3

.3
 

-6
3

2
.3

 
1
. 0

8
1

 
4

3
1

 R
o

ta
ry

 
to

 d
e

p
th

 ..
..

..
..

..
..

..
..

..
 ft

 ..
 

B
i

t
 s

iz
e

 ..
..

..
..

..
..

..
..

..
..

..
..

. i
n

 ..
 

In
te

rv
a

l 
c

o
re

d
 ..

..
..

..
..

..
..

..
..

. f
t

 ..
 

C
o

re
 

s
iz

e
 ..

..
..

..
..

..
..

..
..

..
..

..
 in

 ..
 

C
o

re
 r

e
tu

rn
e

d
 

to
 P

it
ts

b
u

rg
h

. 
P

a 
. 

L
o

g
s 
: 

D
e

n
si

ty
 ..

..
..

..
..

..
..

..
..

 de
p

th
 f

t
 ..

 
N

eu
tr

o
n

 ..
..

..
..

..
..

..
..

..
 de

p
th

 f
t

 ..
 

G
am

m
a 

ra
y

 ..
..

..
..

..
..

..
..

 de
p

th
 f

t
 ..
 

..
..

..
..

..
..

..
..

. 
C

a
li

p
e

r 
.d

e
p

th
 

f
t

 ..
 

.*
..

..
..

 
..

 
M

ax
im

um
 

s
h

u
t-

in
 

p
re

s
s

u
re

 
p

 s
i
 

D
a

te
 m

o
n

it
o

ri
n

g
 e

q
u

ip
m

en
t 

in
s

ta
ll

a
ti

o
n

 c
o

m
p

le
te

d
 ..

..
..

..
..

..
..

 
D

a
te

 p
u

m
p

in
g

 
eq

u
ip

m
en

t 
in

s
ta

ll
a

ti
o

n
 

c
o

m
p

le
te

d
 ..

..
..

..
..

..
..

..
..

..
..

..
..

. 

1
. 0

4
3

 
8

-3
/4

 
1.

04
3.

1.
 

0
7

1
 

5 
J

u
ly

 9
. 

1
9

7
1

 

J
u

ly
 1

1
. 

1
9

7
1

 

J
u

ly
 1

1
. 

1
9

7
1

 
I 

I 
t 

N
O

T
E

.-
-F

o
rm

at
io

n
 

p
re

s
s

u
re

 m
ea

su
re

d
 a

t
 3

8
9

 p
s

i;
 m

o
n

it
o

ri
n

g
 s

ta
rt

e
d

 F
e

b
ru

a
ry

 2
4.

 
1

9
7

2
. 

a
f

te
r

 e
le

c
tr

ic
 

p
o

w
er

 
in

s
ta

ll
a

ti
o

n
 . 



TA
B

LE
 

B
.3

 
. 
.
 B

u
re

au
 

o
f 

M
in

es
 w

e
ll

 N
o 
. 

3S
W

 
(C

S
L

, 
S

IJ
~

. s
e

c
 2

3
. 

T
 1

8
 S

. 
R

 6
 W

) 

D
a

te
 s

ta
rt

e
d

 ..
..

..
..

..
..

..
..

..
..

..
. 

D
a

te
 c

o
m

p
le

te
d

 ..
..

..
..

..
..

..
..

..
..

. 
D

ep
th

 
to

 c
o

a
l .

..
..

..
..

..
..

..
..

. f
t

 ..
 

C
o

al
 

e
le

v
a

ti
o

n
 ..

..
..

..
..

..
..

..
. f

t
 ..

 
T

o
ta

l 
d

e
p

th
 ..

..
..

..
..

..
..

..
..

..
 ft

 ..
 

..
 

..
..

..
..

..
..

..
 

S
u

rf
a

c
e

 e
le

v
a

ti
o

n
 

f
t

 
C

a
si

n
g

: 
T

o
ta

l 
d

e
p

th
 ..

..
..

..
..

..
..

..
..

 ft
 ..

 
L

e
n

g
th

 o
f 

1
0

-3
/4

-d
ia

m
 

c
a

si
n

g
 ..

..
..

..
..

..
..

..
..

..
..

 ft
..

 
L

e
n

g
th

 
o

f 
7

-i
n

-d
ia

m
 

c
a

si
n

g
 ..

. f
t

 ..
 

G
as

 
sh

o
w

s 
..

..
..

..
..

..
..

..
..

..
. .

f
t

 ..
 

..
 

W
at

er
 ..

..
..

..
..

..
..

..
..

..
..

..
..

 ft
 

R
o

ta
ry

 t
o

 d
e

p
th

 ..
..

..
..

..
..

..
..

 ft
 ..

 
B

i
t

 s
iz

e
 ..

..
..

..
..

..
..

..
..

..
..

. i
n

 ..
 

In
te

rv
a

l 
c

o
re

d
 ..

..
..

..
..

..
..

..
. f

t
 ..

 
C

o
re

 s
iz

e
 ..

..
..

..
..

..
..

..
..

..
..

 in
 ..

 

1 
c

o
m

p
le

te
d

 ..
..

..
..

..
..

..
..

..
..

..
..

..
 1 

1
9

7
1

 
in

 p
re

s
s

u
re

 r
e

c
o

rd
e

d
 

to
o

 
lo

w
 . 

M
o

n
it

o
ri

n
g

 s
ta

rt
e

d
 

J
u

ly
 2

. 
1

9
7

1
 

J
u

ly
 
1
1
. 

1
9

7
1

 
1

.0
7

5
.5

 
-6

2
5

.5
 

1
. 0

9
3

 
4

5
0

 

1
. 0

5
6

 

1
1
 

1
. 0

5
6

 
8

0
.1

.0
7

5
.5

 
5

0
0

-6
6

5
.1

. 
0

7
7

 
1
. 0

6
5

 
8

-3
1

4
 

1
.0

6
5

-1
. 

0
9

3
 5 

-
 

..
 

..
..

..
..

..
..

..
..

. 
C

o
re

 
re

c
o

v
e

re
d

 
p

 c
t 

S
am

p
le

s 
: 

W
at

er
 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
. 

G
as

 ..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
. 

T
e

s
ts

: 
W

at
er

 ..
..

..
..

..
..

..
..

..
..

..
..

..
..

. 
G

as
 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. 
L

o
g

s 
: 

D
e

n
si

ty
 ..

..
..

..
..

..
..

..
 .d

e
p

th
 

f
t

 ..
 

N
e

u
tr

o
n

 ..
..

..
..

..
..

..
..

 .d
e

p
th

 f
t

 ..
 

G
am

m
a 

ra
y

 ..
..

..
..

..
..

..
. d

e
p

th
 

f
t

 ..
 

..
 

..
..

..
..

..
..

..
..

. 
c

a
li

p
e

r 
d

e
p

th
 

f
t

 
D

r
i

l
l

 s
te

m
 t

e
s
t 

N
o 
. 

2
 ..

..
..

..
..

. f
t.

. 
..

..
..

..
..

..
. 

D
a

te
 o

f 
d

r
il

l 
st

e
m

 t
e

s
t 

M
ax

im
um

 
s

h
u

t-
in

 
p

re
s

s
u

re
 ..

..
..

. p
 s

i
 ..

 
D

a
te

 m
o

n
it

o
ri

n
g

 e
q

u
ip

m
en

t 
in

s
ta

ll
a

ti
o

n
 c

o
m

p
le

te
d

 ..
..

..
..

..
. .

. 
D

a
te

 p
u

m
p

in
g

 
eq

u
ip

m
en

t 
in

s
ta

ll
a

ti
o

n
 

N
O

T
E

.-
-D

ri
ll

 
st

e
m

 t
e

s
t 

to
o

l 
h

ad
 

fa
u

lt
y

 v
a

lv
e

; 
s

h
u

t-
 

S
ep

te
m

b
er

 
1

6
. 

1
9

7
1

 . 

9
5

 

M
ar

ch
 

2
8

,,
 1

9
7

2
 

M
ar

ch
 

2
8

, 
1

9
7

2
 

A
p

ri
l 

1
2

, 
1

9
7

2
 

A
p

ri
l 

1
2

, 
1

9
7

2
 

2
8

-1
, 

0
5

4
 

2
8

-1
, 

0
5

4
 

2
8

-1
, 

0
5

4
 

2
8

-1
, 

0
5

4
 

1
,0

6
0

-1
, 

0
9

3
 

J
u

ly
 1

0
, 

1
9

7
1

 
1

5
1

 
S

ep
te

m
b

er
 

1
6

, 
1

9
7

1
 

S
ep

te
m

b
er

 
1

6
, 



TA
B

LE
 

B.4
 

. 
.
 Bu

re
au

 
o

f 
M

in
es

 
w

e
ll

 N
o 
. 

4
 N

W
 

(S
E

. 
NW

. 
SW

. 
s

e
c

 2
3.

 
T

 1
8

 S
. 

R
 

6
 W

) 

.
.
.
 
p
p
 

..
..

..
..

..
..

..
..

..
..

..
. 

D
at

e 
s

ta
rt

e
d

 
D

at
e 

co
m

p
le

te
d

 ..
..

..
..

..
..

..
..

..
..

. 
D

ep
th

 
to

 c
o

a
l .

..
..

..
..

..
..

..
..

. f
t

 ..
 

C
o

al
 

e
le

v
a

ti
o

n
 ..

..
..

..
..

..
..

..
. f

t
 ..

 
T

o
ta

l 
d

e
p

th
 ..

..
..

..
..

..
..

..
..

..
 ft

 ..
 

S
u

rf
a

c
e

 e
le

v
a

ti
o

n
 ..

..
..

..
..

..
..

 ft
 ..

 
C

as
 in

g
 : 

T
o

ta
l 

d
e

p
th

 ..
..

..
..

..
..

..
..

..
 ft

 ..
 

L
en

g
th

 o
f 

1
0

-3
/4

-d
ia

m
 

c
a

si
n

g
 ..

..
..

..
..

..
..

..
..

..
..

 ft
 ..

 
L

en
g

th
 o

f 
7

-i
n

-d
ia

rn
 

c
a

si
n

g
 ..

. f
t

 ..
 

G
as

 
sh

o
w

s,
 

c
o

a
lb

e
d

 a
ft

e
r 

..
..

..
..

..
..

..
..

..
..

..
..

 
c

o
m

p
le

ti
o

n
 

W
at

er
 ..

..
..

..
..

..
..

..
..

..
..

..
..

 ft
 ..

 
..

 
R

o
ta

ry
 t

o
 d

e
p

th
 ..

..
..

..
..

..
..

..
 ft

 ..
 

..
..

..
..

..
..

..
..

..
..

..
. 

B
it

 s
iz

e
 

i
n

 
In

te
rv

a
l 

c
o

re
d

 ..
..

..
..

..
..

..
..

. f
t

 ..
 

C
o

re
 s

iz
e

 ..
..

..
..

..
..

..
..

..
..

..
 in

 ..
 

Ju
n

e
 

1
9

. 
1

9
7

1
 

Ju
n

e
 2

5
. 

1
9

7
1

 
1
. 0

6
7

 
-6

 2
0 

1
. 0

9
2

 
4

4
7

 

C
o

re
 r

e
tu

rn
e

d
 

to
 P

it
ts

b
u

rg
h

. 
P

a 
. 

S
am

p
le

s 
: 

W
at

er
 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
. 

G
as

 ..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
. 

T
e

st
s:

 
W

at
er

 ..
..

..
..

..
..

..
..

..
..

..
..

..
..

. 
G

as
 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. 
L

o
g

s 
: 

D
e

n
si

ty
 ..

..
..

..
..

..
..

..
. d

e
p

th
 

f
t

 ..
 

N
eu

tr
o

n
 ..

..
..

..
..

..
..

..
. d

e
p

th
 

f
t

 ..
 

G
am

m
a 

ra
y

 ..
..

..
..

..
..

..
. d

e
p

th
 

f
t

 ..
 

C
a

li
p

e
r 
..

..
..

..
..

..
..

..
. d

e
p

th
 

f
t

 ..
 

M
ax

im
um

 
sh

u
t-

in
 p

re
ss

u
re

 ..
..

..
. p

 s
i
 ..

 
D

at
e 

m
o

n
it

o
ri

n
g

 
eq

u
ip

m
en

t 
in

s
ta

ll
a

ti
o

n
 c

o
m

p
le

te
d

 ..
..

..
..

..
..

. 
D

at
e 

p
u

m
p

in
g

 
eq

u
ip

m
en

t 
..

..
..

..
..

..
. 

in
s

ta
ll

a
ti

o
n

 c
o

m
p

le
te

d
 

J
u

ly
 9

. 
1

9
7

1
 

M
ar

ch
 

28
. 

1
9

7
2

 
M

ar
ch

 
28

. 
1

9
7

2
 

A
p

ri
l 

1
2

. 
1

9
7

2
 

A
p

ri
l 

1
2

. 
1

9
7

2
 

J
u

ly
 1

1
. 

1
9

7
1

 

J
u

ly
 1

1
. 

1
9

7
1

 

C
o

re
 r

e
c

o
v

e
re

d
 ..

..
..

..
..

..
..

. .p
c

t .
. 

1 
10

01
 

I 
N

O
T

E
.-

-F
or

m
at

io
n 

p
re

ss
u

re
 m

ea
su

re
d

 
a

t
 3

9
6

; 
m

o
n

it
o

ri
n

g
 

s
ta

rt
e

d
 F

eb
 . 

2
4

, 
1

9
7

2
. 

a
ft

e
r 

e
le

c
tr

ic
a

l 
p

o
w

er
 

in
s

ta
ll

a
ti

o
n

 . 



W e J e J e J O  4 
w w w w o  b 
O O O O *  m 
n n n n  4 

4 4 4 4  
1 1 1 1  n 

0 0 0 0  4 
m m m m  4 

. . . . . . .  . . . . . . .  . U U U U . 4  . . ' 4 4 w w w V )  . . . a -  * .  C C C C  . . u u u u  . . a a a a  
Q ) Q ) Q ) Q )  . . a a a a .  . . . . . . .  . . . . . . .  . . . . . . . u .  . . .  . . . c u d .  . . . . .  . b a a  a . . . - 3 E Q ) u Q )  . . . . . w a u ~ u  . . . . ~ ) . d a ~ a , a  . . . . . .  a 3 4  . . . k ~ a a q  . . . . .  . . aaJ E.4  E: . . . .  . . 0 3  0 

d M 0  ' 3 0  . . . . . . . d C  a; . . . I - d C  d  . . - .  . U k O M O  . . . h 3  0 . 4  d - 4  . . (d . C U U . d U  . A C  k k cn.4 a m  
u 0 a  C 4  E d  

k -4 k k r d a  0 4  3 4  
a  V ) U  -4 3  E; a; 
U V ) . . C ~ E ~ E  
( d ( d V ) a r a r ( d ( d . d a r V ) a r V )  
3 U M C 3 Z C 3 U  X O C O C  

0 (d rd -4 (d .4 
I4 z a  a 

. . . . . . . . 
u u u  * u  
w  w w  . w  . . . . . . . . . . . . . . . . 

. M  . . 

. d  . . 

. r (  . .  

. V )  . . 
c d k  

* E  * o a r  
. a .  & I . .  
. r (  . e w  . . 
.a - c d c d g .  
I . .r( . . 
- 3  . a m  . . 
. \ * l a ) *  
l . d P  . I ..r(d . . 
0 . I @ .  . 

C 4  * b O  
u . 0 . .  
a w  . w  d  
a 0  - 0  - 0  
a b~ r ( .  

C d C 3 U  
4 u . r ( u o a  

cdk 

€ 
0 0 
Fr a 



APPENDIX C.--CUMULATIVE GAS PRODUCTION FOR HOLE NOS. 3SW, 4NW, and 5C 

Date I No. 3SW. ft3 

September 16 - 30 
October 1 - 15 

16 - 31 
November 1 - 15 

16 - 30 
December 1 - 15 

16 - 31 
1972: 
January 1 - 15 

16 - 31 
February 1 - 15 

16 - 29 
March 1 - 15 

16 - 31 
April 1 - 15 

16 - 30 
May 1 - 15 

16 - 31 
June 1 - 15 

16 - 30 
July 1 - 15 

16 - 31 
August 1 - 15 

16 - 31 
September 1 - 15 

16 - 30 
October 1 - 15 

16 - 31 
November 1 - 15 

16 - 30 
December 1 - 15 

16 - 31 
1973: 
January 1 - 15 

16 - 31 
February 1 - 15 

16 - 28 
March 1 - 15 

16 - 30 
April 1 - 15 

16 - 30 
May 1 - 15 

16 - 30 
June 1 - 1 5  

16 - 27 
See footnotes at end 

2,001 
6,318 
10,175 
14,210 
18,130 
22,470 
26,480 
29,435 

Meter stolen 

No. 4NW, ft3 

4,250 
9,250 
20,000 
34,750 
53,000 
76,000 
100,775 

120,000 
1123,000 
142,000 
167,000 
199,000 
239,750 
280,000 
323,000 
366,500 
412,000 
455,000 
498,000 
540,000 
584,000 
621,000 
663,500 
704,000 
748,000 
793,000 
843,000 
893,000 
943,225 
996,000 

1,055,000 

1,109,500 
1,174,500 
1,243,500 
1,248,000 - 

- 
1,341,430 
1,406,490 
1,481,412 
1,552,780 
1,626,920 
1,684,700 

of tabulation. 

Well shut in for 
pressure monitoring. 

No. 5C, ft3 



APPENDIX C.--CUMULATIVE GAS PRODUCTION FOR HOLE NOS. 3SW, ~ N w ,  AND 
5C--Continued 

Date 
1973--Con. 

J u l y  1 - 15 
16 - 31  

August 1 - 15 
1.6 - 31 

September 1 - 15 
16 - 31 

~ c t o b e r  1 - 15 
16 - 30 

November 1 - 15 
16 - 30 

December 1 - 15 
16 - 31 

1974: 
January 1 - 15 

16 - 31 
February 1 - 15 

16 - 28 
March 1 - 15 

16 - 31 
l ~ o r e h o l e  No. 3SW was 

J a n .  16-31, 1972. 
 o ore hole No. 3SW was h y d r a u l i c a l l y  s t i m u l a t e d  f o r  g r e a t e r  p roduc t ion  

June 28-31, 1973. 

No. 4NW, f t 3  

69,000 
71,190 
73,285 
75,290 
77,545 
79,010 
81,440 
84,945 
88,000 
91,160 
94,200 
97,480 

100,285 
103,740 
106,665 
109,260 
112,215 
115,050 

days d u r i n g  moni to r ing  

No. 3SW, f t 3  

2,373,520 
2,687,081 
3,683,081 
4 ,102,485 
4,905,985 
5,722,485 
6,524,210 
7,370,210 
8,081,485 
8,951,985 
9,761,985 

10,635,985 

11,516,985 
12,480,485 
13,274,485 
13,903,985 
14,700,485 
15,437,760 

s h u t  i n  f o r  12  

No. 5C, f t 3  

216.000 
221,650 
248,000 
274,500 
301,500 
330,500 
359,225 
381,000 
397,000 
412,000 
432,000 
456,225 

483,000 
516,000 
550,500 
585,500 
628,000 
671,500 
p e r i o d  




