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METHANE DRAINAGE: EXPERIENCE WITH HYDRAULIC STIMULATION 
THROUGH SLOTTED CASING' 

by 

Stephen W. Lambert2 and Michael A m  Trevi ts  2 

ABSTRACT 

The Bureau of Mines examined t h e  w e l l b o r e  of a  v e r t i c a l  gas  d r a i n a g e  w e l l  
i n  t h e  Mary Lee coa lbed  t o  de te rmine  t h e  r e s u l t s  of s p e c i f i c  complet ion pro-  
cedures  i n  c o a l .  A j e t - s l o t t i n g  t o o l  was used t o  c u t  f o u r  v e r t i c a l  s l o t s  
th rough  t h e  c a s i n g  about  1 f t  below t h e  c o a l b e d .  Even though s t i m u l a t i o n  
t r e a t m e n t  p r e s s u r e  was e x c e s s i v e  , h y d r a u l i c a l l y  induced channe 1s were con- 
t a i n e d  e n t i r e l y  w i t h i n  t h e  t a r g e t  c o a l  zone. S a n d - f i l l e d ,  induced channe l s  
were h o r i z o n t a l ,  i n c l i n e d ,  and v e r t i c a l ,  and were propagated i n  d i r e c t i o n s  
s i m i l a r  t o  bedding p l a n e s ,  rock  j o i n t ,  and c o a l  c l e a t  d i r e c t i o n s  measured i n  
t h e  mine. V a r i a b l e  gas  f low r a t e s  , recorded  d u r i n g  t h e  p r o d u c t i v e  l i f e  of t h e  
w e l l ,  were a t t r i b u t e d  t o  c h r o n i c  downhole pump m a l f u n c t i o n  and t h e  s l o t t e d  
c a s i n g  below t h e  p r o d u c t i o n  zone.  

INTRODUCTION 

The purpose of  t h i s  Bureau of Mines r e s e a r c h  was t o  test  s p e c i f i c  hydrau- 
l i c  s t i m u l a t i o n  procedures  i n  c o a l  by moni to r ing  w e l l  p r o d u c t i o n  and t o  l a t e r  
i n s p e c t  t h e  r e s u l t s  d i r e c t l y  underground i n  t h e  mine.  A v e r t i c a l  d e g a s i f i c a -  
t i o n  boreho le  t h a t  had been d r i l l e d  i n  t h e  Mary Lee coa lbed  and completed 
600 f t  ahead of a c t i v e  mining was i n t e r c e p t e d  on February 1 5 ,  1977. The bore-  
h o l e ,  r e f e r r e d  t o  a s  t e s t  w e l l  No. 2 (TW2) , i s  l o c a t e d  i n  s e c t i o n  35, R 18 S 
R 6 W ,  n e a r  Oak Grove,  A l a .  ; i t  i s  t h e  second such boreho le  t o  be examined 
underground i n  t h e  a r e a .  

A r o l l e r  b i t  and foam were used t o  p e n e t r a t e  t h e  coalbed t o  minimize 
w e l l b o r e  damage. A f t e r  t h e  c a s i n g  was s e t  i n  t h e  h o l e ,  t h e  coalbed was 
exposed f o r  s t i m u l a t i o n  u s i n g  a  j e t - s l o t t i n g  t o o l .  Dens i ty  logs  were used t o  
i d e n t i f y  s l o t t e d  p o r t i o n s  of c a s i n g s  and t o  i d e n t i f y  zones wi th f in  t h e  coa lbed  
t h a t  cou ld  have a n  i n f l u e n c e  on t h e  geometry of h y d r a u l i c a l l y  induced c h a n n e l s .  
The h y d r a u l i c  f o r c e s  used  t o  s t i m u l a t e  t h e  coa lbed  were d i v e r t e d  s e v e r a l  t i m e s ,  
r e s u l t i n g  i n  numerous s h o r t  c h a n n e l s .  H o r i z o n t a l  channels  were propagated 
when i n j e c t i o n  p r e s s u r e  exceeded e f f e c t i v e  overburden p r e s s u r e .  

l T h e  work d e s c r i b e d  i n  t h i s  r e p o r t  was performed by a  component of  t h e  Bureau 
of Mines t h a t  was t r a n s f e r r e d  t o  t h e  Department of Energy on Oct .  1, 1977. 



It i s  i nd i ca t ed  t h a t  because of t h e  r e l a t i v e  s o f t n e s s  of c o a l ,  t h e  p r i n -  
c  i p a l  mechanism lead ing  t o  ho r i zon t a  1 channel  development i s  compression 
r a t h e r  t han  t h e  f l e x i n g  and l i f t i n g  of a l l  t h e  overburden. A l s o ,  t h e r e  i s  a  
d i r e c t  c o r r e l a t i o n  between propagated v e r t i c a l  channel  d i r e c t i o n s  and t h e  
j o i n t  and c l e a t  o r i e n t a t i o n s ,  and a  d i r e c t  r e l a t i o n s h i p  between s u r f a c e  and 
underground f r a c t u r e s .  These r e l a t i o n s h i p s  can  be used t o  determine t h e  
d i r e c t i o n  of t h e  v e r t i c a l  channel before  s t i m u l a t i o n .  

DRILLING, COMPLETION, AND PRODUCTION 

TW2 was r o t a r y - d r i l l e d  u s ing  a  6-114-in-diam a i r -pe rcus s ion  b i t  t o  approx- 
imate ly  235 f t  above t he  5 - f t - t h i c k  c o a l  i n t e r v a l .  To reduce t he  p o s s i b i l i t y  
of  fo rmat ion  damage caused by d r i l l i n g ,  a  6-118-in-diam r o l l e r  b i t  was used t o  
d r i l l  t h e  remaining d i s t a n c e  t o  50 f t  below the  coalbed.  TW2 was cased t o  
t o t a l  depth w i th  4-112-in-outside-diam (OD) p ipe .  The lower 500 f t  of c a s i n g  
was s e t  i n  p l ace  u s ing  13.8 l b / g a l  cement. 

A j e t - s  l o t t  ing  t o o l  was pos i t i oned  us ing  a  geophysica 1 logging dev i ce .  
The des ign  c a l l e d  f o r  a  wate r  and sand s l u r r y  t o  c u t  four  v e r t i c a l  s l o t s ,  
90" a p a r t ,  from t h e  base of t h e  coalbed t o  w i t h i n  1 f t  of t h e  t op .  The coa l -  
bed was s t imu la t ed  u s ing  3,500 g a l  of a  h igh ly  v i scous  f l u i d  con t a in ing  
4,000 l b  of 10130- and 20140-mesh sand. 

The hyd rau l i c  s t i m u l a t i o n  p r e s su re  averaged 2,400 l b / sq  i n  gage w i th  no 
apparen t  format ion "breakdown," t he  f l u i d  i n j e c t i o n  r a t e  averaged 8  bb l lmin ,  
and t h e  ins tan taneous  s h u t - i n  p r e s su re  was 2,200 l b / sq  i n  gage ( f i g  . 1 )  . 
A f t e r  s t i m u l a t i o n ,  wate r  was c i r c u l a t e d  i n  t h e  w e l l  removing approximately 
200 l b  of  propping sand.  The w e l l  was equipped w i th  a  pump t o  remove wate r  
and w i t h  meters  t o  monitor product ion.3 

TW2 was pu t  on produc t ion  November 13 ,  1976. During s u c c e s s f u l  pumping 
p e r i o d s ,  d a i l y  gas  p roduc t ion  averaged about 15,000 cu f t .  Sand and o the r  
f o r e i g n  m a t e r i a l  e n t e r i n g  t h e  downhole pump mechanism caused chronic  malfunc- 
t i o n  and r e s u l t e d  i n  o v e r a l l  poor gas product ion ( f i g .  2 ) .  This  mal func t ion  
made i t  necessary  t o  dismount t he  pump and remove t h e  m a t e r i a l  before  wate r  
p roduc t ion  could be resumed. Immediately a f t e r  s e r v i c i n g  t h e  downhole pump 
and a f t e r  removal of u s u a l l y  l e s s  t han  5 b b l  of w a t e r ,  temporary gas  flow 
r a t e s  i n  excess  of 80,000 cu f t / d a y  were measured on s e v e r a l  occas ions .  Such 
high gas flows appear t o  have brought s i g n i f i c a n t  amounts of propping sand 
i n t o  t h e  wel lbore .  

3 ~ o r  d e t a i l s  of d r i l l i n g  and completion of TW2, s ee  t h e  appendix.  



Shutdown - 
Cutsmd 

FIGURE 1. - Hydraulic stimulation pressure and fluid 
iniection chart, TW2. 

MINE INVESTIGATION 

A survey of f r a c t u r e  
o r i e n t a t i o n s  i n  t h e  c o a l  and 
roof rock was conducted 
w i t h i n  an  a rea  of t h e  mine 
near  TW2. Physical  charac-  
t e r i s t i c s  of t he  coa l  and 
a s soc i a t ed  rock s t r a t a  were 
noted during the survey. 
Af t e r  borehole i n t e r c e p t  i o n ,  
the phys i ca l  cond i t i on  of 
t he  ca s ing  and wellbore and 
the  geometry and o r i e n t a t i o n  
of h y d r a u l i c a l l y  induced 
pa r t i ngs  were s tud ied  i n  
d e t a i l .  

Frac ture  Survey 

30 I I l l l l i  I l l  I l l  A mine survey was con- 
ducted t o  determine i f  
hydrau l i ca l ly  induced f r a c -  

25 t u r e s  had propagated i n  
d i r e c t i o n s  p a r a l l e l  t o  
e x i s t i n g  n a t u r a l  f r a c t u r e  
t r ends .  I n  a n  e a r l i e r  s tudy ,  
a t  t e s t  w e l l  No. 1 (TWl), a  
c o r r e l a t i o n  was made between 

i c l e a t  and j o i n t  d i r e c t i o n s  

and f r a c t u r e s  be l ieved  t o  
have been induced o r  extended 
by d r i l l i n g ,  cementing , and 
s t imula t ion .*  

The a rea  of the  mine 
near TW2 i s  d iv ided  i n t o  
seven s t a t i o n s  ( f i g .  3 ) .  A 
compass was used t o  measure 
t h e  d i r e c t i o n  of a l l  v i s i b l e  - December-~anuar~ -February - 

1976 1977 1977 roof j o i n t s  and a t  l e a s t  
15 coa l  c l e a t s  w i t h i n  each 

FIGURE 2. - Daily gas production from TW2. s t a t i o n .  Di rec t ions  of a l l  
observed hydrau l i ca l ly  
induced f r a c t u r e s  conta in ing  

prop sand were a l s o  measured. A l l  measurements were ad jus t ed  f o r  magnetic 
d e c l i n a t i o n  and then  p l o t t e d  on rose  diagrams ( f i g .  4 ) .  

4 ~ 1 ,  completed approximately 500 f t  from a c t i v e  mining,  was hydrau l i ca l ly  
s t imula ted  Nov. 23,  1975, us ing  5,000 g a l  of f l u i d  and 2,500 l b  of sand. 
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FIGURE 3. - Survey s ta t ions d iv id ing  area of mine near TW2. 
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FIGURE 4. - Roof joint, cleat, and hydraul ica l ly  induced 
channel d i rect ions near TW2. 



Prominent l i n e a r  f e a t u r e s  commonly c a l l e d  " r o l l s "  a r e  p re sen t  i n  t h e  mine 
approximately 20 f t  no r theas t  of TW2 t r end ing  roughly N 35' W .  These r o l l s  
a r e  expressed i n  t h e  roof rock a s  t rough l ike  f e a t u r e s  where t h e  underlying 
c o a l  t h i n s  a b r u p t l y .  Coal  and roof rock w i t h i n  and along t h e  f l a n k s  of t he  
r o l l s  a r e  h igh ly  s l i ckens ided  wi th  badly d i s t o r t e d  bedding p l anes .  

The upper 3 - f t  p o r t i o n  of t he  coalbed i n  t h e  a r ea  s t u d i e d ,  i nc lud ing  the  
borehole  s i t e ,  was h igh ly  sheared and appeared t o b e  g e n e r a l l y  f r i a b l e  and s o f t .  
The lower 2 f t  of c o a l  was cons iderab ly  ha rde r  w i th  well-developed, c l o s e l y  
spaced c l e a t .  

Desc r ip t i on  of TW2 

TW2 and induced sand channels were exposed by a  continuous-mining machine 
e x t r a c t i n g  c o a l  eastward.  Coal was removed t o  approximately 4 f t  beyond t h e  
borehole  l o c a t i o n  where t h e r e  were very wide,  s h o r t ,  v e r t i c a l  channels and 
longe r ,  t h i n ,  h o r i z o n t a l ,  sand-packed channels .  A f t e r  b o l t i n g  t he  r o o f ,  t h e  
s i t e  was s t u d i e d  i n  d e t a i l  and measurements were made wi th  t h e  c o a l  face  i n  t he  
p o s i t i o n  shown i n  f i g u r e  5;  t h e  borehole  s i te  and c o a l  f ace  a t  t h a t  time a r e  
shown i n  f i g u r e  6 .  

Crosscut 

Measured direction of packed 

I- ' ,  Zone of observed horizonta I 
I sand-packed channels 

FIGURE .5. - Position of mine face during underground examination of TW2. 
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sand-packed channel 
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distinct cleat 
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SECTION A-A' 

FIGURE 6. - Sketch of mine face during underground examination of TW2. 

Wellbore Observations: Hard cement was observed t o  f i l l  the  no r the rn  h a l f  
of t h e  1- in  space between the  cas ing  and the  d r i l l  ho le  i n  t he  roof and f l o o r .  
No cement was found i n  t h e  southern-half  of the  wel lbore ;  i n s t ead  prop sand 
and/or ge l  f i l l e d  t h i s  annular  space a t  both t h e  f l o o r  and the  roo f .  

The cas ing  was expanded outward, where i t  was p ie rced  by four  roughly 
diamond-shaped s l o t s  about 5 . 5  i n  long and 2 t o  2.5 i n  wide. Five holes  
(0 .3- in  maximum diameter)  i n  t he  cas ing  were 5 t o  9 i n  above the  s l o t s .  The 
tops  o f t h e  s l o t s  were about 4 i n  below the  base of t he  coalbed,  and d i r e c t i o n s  
of t he  s l o t s  were N 60" E and N 15" W .  No cement could be found on e i t h e r  
s i d e  of t h e  cas ing  exposed w i t h i n  the  c o a l  i n t e r v a l .  

Induced Hydraulic Channels: Three well-defined v e r t i c a l  channels a t  t he  
borehole s i t e  were contained i n  the  lower t h i r d  of the  coalbed,  and they were 
completely f i l l e d  wi th  propping sand. The channel  s i d e s  appeared smooth and 
unabraded, and they followed l o c a l  v e r t i c a l  f r a c t u r e  planes i n  the  c o a l .  The 
widest  channel (4.5 i n ) ,  loca ted  south of TW2, tapered  upward gradual ly ;  a 
2 .0- in- thick channel ,  nor th  of the  borehole,  tapered sharp ly  t o  the  f l o o r ;  the  
remaining v e r t i c a l  channel ,  loca ted  d i r e c t l y  behind t h e  exposed cas ing ,  was 
0 .3  i n  throughout.  A l l  t h r ee  channels terminated a t  t h e  base of the coalbed 
w i t h  no evidence of f r a c t u r e  cont inua t ion  i n t o  t h e  f l o o r  rock.  

Two channels s loped downward t o  the  south and were contained e n t i r e l y  i n  
a more f r i a b l e ,  s o f t ,  and h ighly  s l i ckens ided  p o r t i o n  of t he  coalbed. Thei r  
s i d e s  were smooth and unabraded bu t  somewhat i r r e g u l a r ;  they appeared t o  



fo l l ow  l o c a l  s h e a r  f r a c t u r e  p lanes  i n  t he  c o a l ,  w i th  minor v e r t i c a l  develop- 
ment a long c l e a t  p l a n e s .  The shape and downward ex t ens ion  of t he se  channels  
i n d i c a t e  d i r e c t  or  i n f e r r e d  con t inua t i on  w i th  t h e  v e r t i c a l  channels  de sc r ibed  
e a r l i e r .  

Four h o r i z o n t a l  channels  appeared a t  the  c o a l  face  a s  ex tens ions  of 
e i t h e r  v e r t i c a l  o r  i n c l i n e d  channel development; a l l  f o u r  occurred along bed- 
d ing  p l anes .  Three of t he  channels  were p r e sen t  approximately one - th i rd  of 
t he  d i s t a n c e  up from t h e  f l o o r  nea r  t he  l i n e  of con t ac t  between ha rd ,  d i s -  
t i n c t l y  c l e a t e d  c o a l  and s o f t ,  f r i a b l e ,  sheared  c o a l .  The f o u r t h  h o r i z o n t a l  
channel r a n  a long a  l i n e  6 i n  below t h e  coa l - roof - rock  i n t e r f a c e ;  c o a l  i m e -  
d i a t e l y  surrounding t he  h o r i z o n t a l  channels  was very  s o f t  and appeared crushed.  

Four s m a l l ,  s e p a r a t e ,  randomly o r i e n t e d ,  s a n d - f i l l e d  channels  were i-n t he  
upper p o r t i o n  of t he  c o a l  f ace  no r th  of t he  we l lbo re .  The i r  l o c a t i o n s  i n d i -  
c a t e  c l o s e  a s s o c i a t i o n  w i t h  a  system of l a r g e r  channels  t r end ing  approximately 
N 65O E .  These channels  were a long  s h e a r ,  c l e a t ,  and bedding p l a n e s ,  and t hus  
possessed c h a r a c t e r i s t i c s  of a l l  t h r e e  channel types  de sc r ibed  e a r l i e r .  

DISCUSSION OF RESULTS 

D r i l l i n g  

There was no evidence t h a t  d r i l l i n g  adve r se ly  a f f e c t e d  the  coalbed o r  
sur rounding  rock s t r a t a .  Except f o r  h y d r a u l i c a l l y  induced p a r t i n g s  i n  t he  
c o a l ,  t he  on ly  opening i n  rock  l ead ing  d i r e c t l y  from t h e  wel lbore  was a  we l l -  
developed roof j o i n t  which was be l i eved  t o  have opened sometime a f t e r  TW2 was 
completed because i t  d id  no t  c o n t a i n  cement o r  propping sand.  

Cement i n q  

The l i g h t w e i g h t ,  low-f luid- loss  cement mix tu re ,  t oge the r  w i th  the  low 
i n j e c t i o n  r a t e s  used t o  s t a b i l i z e  ca s ing  i n  t he  borehole  ( see  appendix) ,  pre-  
ven ted  exces s ive  pe rmeab i l i t y  damage t o  t h e  coalbed.  No evidence of cement 
i n f i l t r a t i o n  was found i n  the  f l o o r ,  c o a l ,  o r  roof  rock .  

The cement bond t o  ca s ing  was g e n e r a l l y  poor .  For example, t he  mining 
machine which exposed t h e  borehole  never  came i n  d i r e c t  c o n t a c t  w i th  t h e  
c a s i n g  o r  cement,  s o  t he  cement, i f  ever  p r e s e n t ,  must have been pu l l ed  from 
t h e  ca s ing  leav ing  no r e s idue  a s  c o a l  surrounding t h e  t e s t  w e l l  f e l l  away 
under i t s  own weight .  The l ack  of cement w i t h i n  approximately one-half  of t h e  
wel lbore  annulus  i n  t h e  roof a l s o  i n d i c a t e s  poor cementing. 

Logging 

A comparison of d e n s i t y  logs  w i t h  underground observa t ions  shows t h e  logs  
t o  be an  important  t o o l  f o r  p r e d i c t i n g  coalbed c h a r a c t e r i s t i c s .  A l l  d e n s i t y  
logs  c l e a r l y  i n d i c a t e  two major d e n s i t y  zones w i t h i n  the  coalbed ( f i g .  7 ) .  



-Densi ty  increase 

FIGURE 7. - Portion of density log from TW2 compared with rock strata observed underground 
(log r u n  before casing was slotted). 

The u p p e r ,  l e s s  dense zone c o r r e l a t e s  p r e c i s e l y  w i t h  the  f r i a b l e ,  h i g h l y  
s h e a r e d  p o r t i o n  of t h e  coa lbed  c o n t a i n i n g  a l l  induced channe l s  t h a t  were 
i n c l i n e d  o r  h o r i z o n t a l .  The d e n s e r ,  lower zone on t h e  l o g  l o c a t e s  t h e  i n t e r -  
v a l  o f  h a r d ,  d i s t i n c t l y  c l e a t e d  c o a l  c o n t a i n i n g  induced ,  v e r t i c a l  c h a n n e l s .  

J e t  S l o t t i n g  

Using d e n s i t y  log  i n f o r m a t i o n ,  t h e  base  of t h e  coalbed was determined t o  
be 1 , 0 9 9 . 2  f t  d e e p ,  and f o u r  v e r t i c a l  s l o t s ,  each  48 i n  l o n g ,  were t o  be c u t  
a t  t h a t  d e p t h .  Subsequent logg ing  r e v e a l e d  t h a t  t h e  base  of t h e  coalbed was 
a c t u a l l y  1 , 0 9 8 . 4  f t  d e e p ,  and t h a t  j e t  s l o t t i n g  had begun below t h e  c o a l .  

I f  t h e  c a s i n g  had been c u t  throughout  t h e  p r e s c r i b e d  l e n g t h ,  t h e  f a c t  
t h a t  t h e  s l o t s  began s e v e r a l  inches  below t h e  coa lbed  would have been of 
l i t t l e  consequence.  However, a s  observed underground, t h e  c a s i n g  had n o t  been 
p e n e t r a t e d  throughout  t h e  e n t i r e  c o a l  i n t e r v a l .  F a c t o r s  t h a t  may have con- 
t r i b u t e d  t o  poor s l o t t i n g  r e s u l t s  i n c l u d e  i n s u f f i c i e n t  time a l lowed t o  c u t  t h e  
c a s i n g ;  s l i g h t  r o t a t i o n  o r  t w i s t i n g  of t h e  t o o l  cou ld  have occur red  a s  i t  was 



r a i s e d  and lowered through the  prescr ibed  i n t e r v a l  ( a t  l e a s t  two heavi ly  
abraded ,  v e r t i c a l l y  o r i en t ed  " tracks" were noted along inner  su r f aces  of 
ca s ing  exposed t o  each j e t  nozz l e ) ,  and the  very s o f t ,  f r i a b l e  na ture  of t he  
c o a l  could have absorbed much of the c u t t i n g  "energy" ( a l l  perf ora t ions  
through cas ing  occurred e i t h e r  i n  t he  hard f l o o r  rock or  i n  t he  hard lower 
p o r t i o n  of the  coalbed) .  

Close examination of dens i ty  logs taken before and a f t e r  s l o t t i n g  opera- 
t i o n s  i nd ica t ed  t h a t  t h e  smal l  s e c t i o n  of pipe succes s fu l ly  c u t  could have 
been recognized before  a c t u a l  underground observa t ions .  Logs taken a f t e r  
s l o t t i n g  show a s i g n i f i c a n t  d e n s i t y  decrease along the  i n t e r v a l  of borehole 
d i r e c t l y  exposed t o  rock s t r a t a  ( f i g .  8 ) .  

S t imula t ion  

The t reatment  used t o  s t imu la t e  TW2 was designed t o  induce v e r t i c a l ,  
1-in-wide , sand-£ i l l e d  channels i n  two d i r e c t i o n s  from the  wel lbore .  Each 
channel was t o  be approximately 150 f t  long and j u s t  under 5 f t  high.  Based 
on p r i o r  underground observa t ion  a t  t he  IW1 s i t e ,  channels were expected t o  
propagate i n  d i r e c t i o n s  s i m i l a r  t o  e x i s t i n g  n a t u r a l  f r a c t u r e s  i n  t he  c o a l .  

- Densi ty  increase 
-0 

Gamma den si t y  

FIGURE 8. - Comparison of density logs run before and after slotting. 



Previous work on s t i m u l a t i n g  the  Mary Lee coalbed (&16 i nd i ca t ed  t h a t  forma- 
t i o n  breakdown could be expected t o  occur below 900 lb / sq  i n .  

The sand channels  h y d r a u l i c a l l y  induced i n t o  t he  coalbed were h o r i z o n t a l ,  
i n c l i n e d ,  and v e r t i c a l ,  making i t  d i f f i c u l t  t o  determine t h e  complete dimen- 
s ions  of each.  However, f i g u r e  5 i n d i c a t e s  t h a t  t he  maximum length  of propa- 
g a t i o n  from t h e  wel lbore  was 50 f t  o r  l e s s ,  r a t h e r  than t h e  maximum 300 f t  
c a l c u l a t e d  i n  t h e  o r i g i n a l  des ign .  

The underground channels ,  e s p e c i a l l y  t he  wide v e r t i c a l  channels ,  were 
g e n e r a l l y  composed of s e v e r a l  sma l l e r  induced sand channels .  The number of 
s l i g h t l y  d i f f e r e n t  d i r e c t i o n s  measured along t h e  channel w a l l s ;  t he  c o a l  p a r t i -  
c l e s  contained i n  t he se  channels ;  and t h e  number of s m a l l ,  randomly o r i e n t e d ,  
s a n d - f i l l e d  channels a l l  i n d i c a t e  a  complex system of propagated channels 

204 Readings 

Roof joint and c leat  d i r e c t i o n  
in mine a r e a  o f  No.1 Test Well. 

Readings 

along c l o s e l y  spaced v e r t i c a  1 
planes (as  c l e a t  p l a n e s ) .  
I n s t ead  of one o r  two extended 
d i r e c t i o n s ,  the  hydrau l ic  f o r c e  
used t o  propagate f r a c t u r e s  i n  
t h e  c o a l  i s  be l ieved  t o  have 
been d i v e r t e d  s e v e r a l  t imes i n  
s  l i g h t l y  d i f f e r e n t  d i r e c t i o n s  
dur ing  high-pressure pumping. 
This apparen t ly  r e s u l t e d  innumer- 
ous s h o r t  channels r a t h e r  than  
i n  one o r  two continuous long 
channels a s  p red i c t ed  i n  the  
des ign .  

Resu l t s  of the  underground 
v e r t i c a l  f r a c t u r e  ( f i g .  4)  show 
a  d i r e c t  c o r r e l a t i o n  between 
propagated channel d i r e c t i o n  and 
j o i n t  and c l e a t  o r i e n t a t i o n .  
Findings from a  previous under- 
ground s tudy  a t  TW1 y i e lded  sim- 
i l a r  r e s u l t s  which a r e  shown i n  
f i g u r e  9.  Although s a n d - f i l l e d  
channels were no t  observed a t  
TW1, t h e r e  i s  s u f f i c i e n t  ev i -  
dence t o  i n d i c a t e  t h a t  p a r t i n g s  
i n  t he  c o a l  and roof rock had 

Partings, induced or extended f r o m  been opened dur ing  d r i l l i n g ,  

Test  Well No. l during drilling, cementing, cementing, and e a r l y  s t a g e s  of 
s t imu la t i on .  

and stimulation. 
FIGURE 9. - Comparison of  roof joint and cleat di- 

rections in  mine area wi th fractures bunde r l i ned  numbers i n  Paren- 

induced or extended during dri l l ing, t he se s  r e f e r  t o  i tems i n  t he  

cementing, and st imulat ion of  TW1. l i s t  of r e f e r ences  preceding 
the  appendix. 



S u r f a c e  rock  j o i n t  and c o a l  c l e a t  d i r e c t i o n s  measured i n  a n  a r e a  over ly -  
i n g  b o t h  t e s t  w e l l  l o c a t i o n s  (3) i n d i c a t e  a  c l o s e  c o r r e l a t i o n  between t h e  s u r -  
f a c e  and underground f r a c t u r e  o r i e n t a t i o n s  o f  f i g u r e s  4 and 9 .  Given t h e  
observed r e l a t i o n s h i p  o f  induced channel  d i r e c t i o n  w i t h  e x i s t i n g  underground 
and s u r f a c e  f r a c t u r e  o r i e n t a t i o n ,  i t  may be concluded t h a t  t h e  d i r e c t i o n  o f  
induced channel  development can  be p rede te rmined ,  t h u s  a i d i n g  f u t u r e  placement 
of  c o a l  gas  w e l l s  i n  t h e  a r e a .  

The most obvious e x p l a n a t i o n  f o r  t h e  i n i t i a l  h igh  t r e a t m e n t  p r e s s u r e  dur-  
i n g  s t i m u l a t i o n  i s  t h a t  f l u i d  was f i r s t  exposed t o  ha rd  f i r e c l a y ,  r a t h e r  t h a n  
t o  r e l a t i v e l y  s o f t  c o a l .  The h igh  p r e s s u r e  t h a t  was main ta ined  throughout  t h e  
t r e a t m e n t  i s  a t t r i b u t e d  p r i m a r i l y  t o  t h e  h i g h  v i s c o s i t y  o f  t h e  t r e a t i n g  f l u i d ,  
and second ,  t o  t h e  f low r e s i s t a n c e  c r e a t e d  by t h e  s m a l l  openings i n  t h e  c a s i n g .  

When i n j e c t i o n  p r e s s u r e s  exceed t h e  overburden p r e s s u r e  h o r i z o n t a l  chan- 
n e l s  may deve lop .  Given a  mean s p e c i f i c  g r a v i t y  of  2 . 5 ,  the  overburden p r e s -  
s u r e  g r a d i e n t  shou ld  be abou t  1.06 l b / s q  i n / v e r t i c a l  f t  (2). Since  t h e  dep th  
t o  t h e  coalbed a t  1W2 i s  1 ,093  f t ,  h o r i z o n t a l  channe l s  could  be  expec ted  t o  
deve lop  when i n j e c t i o n  p r e s s u r e s  exceeded 1 ,160  l b / s q  i n .  T r e a t i n g  p r e s s u r e s  
main ta ined  throughout  s t i m u l a t i o n  of  1W2 were i n  excess  of 2 ,200 l b / s q  i n  gage 
( f i g .  1 ) .  

H o r i z o n t a l l y  o r i e n t e d  s a n d - f i l l e d  channe l s  c a n  r e s u l t  from one of two 
t y p e s  of rock  movement: The compression of rock i n  t h e  v i c i n i t y  of t h e  f r a c -  
t u r e  o r  t h e  f l e x i n g  and l i f t i n g  of  a l l  o r  a  p o r t i o n  of  t h e  overburden ( 5 ) .  
The c rushed  appearance of c o a l  su r rounding  t h e  h o r i z o n t a l  channe l s  s u g g e s t s  
t h a t ,  i n  t h i s  c a s e ,  compression of  rock was t h e  p r i n c i p a l  mechanism. 

The l o s s  of t r e a t m e n t  f l u i d  d u r i n g  p r o p a g a t i o n  r e s u l t i n g  i n  t h e  premature  
d rop  of  sand proppant i s  b e l i e v e d  t o  have remained a t  a  minimum d u r i n g  s t imu-  
l a t i o n  of  TW2. Such "sand-outs" a r e  n o t  i n d i c a t e d  on t h e  t r ea tment  c h a r t  
( f i g .  1 Low f l u i d  l o s s  t o  t h e  fo rmat ion  i s  a l s o  i n d i c a t e d  by t h e  ex t remely  
h i g h  p r e s s u r e s  main ta ined  i n  t h e  w e l l b o r e  a f t e r  pumps were s h u t  down. 

Although i n j e c t i o n  p r e s s u r e s  were a s  h igh  a s  2 ,500 l b / s q  i n  d u r i n g  t h e  
s t i m u l a t i o n  t r e a t m e n t ,  t h e r e  was no ev idence  of induced f r a c t u r e s  i n  t h e  roof  
o r  f l o o r  rock .  Sand proppant and g e l  found i n  t h e  w e l l b o r e  annu lus  i n  t h e  
f l o o r  i n d i c a t e  d i r e c t  exposure  t o  t r e a t m e n t  f l u i d  under h igh  p r e s s u r e .  I n  
p r e f e r e n c e  t o  f r a c t u r i n g  t h e  h a r d e r  f l o o r  r o c k ,  f l u i d  moved upward, n e a r  t h e  
c a s i n g ,  and i n t o  t h e  c o a l  zone b e f o r e  ex tend ing  outward.  A roof  j o i n t  ex tend-  
i n g  d i r e c t l y  from t h e  wel lbore  was b e l i e v e d  t o  have opened sometime a f t e r  
s t i m u l a t i o n  s i n c e  i t  con ta ined  no sand o r  g e l l i k e  m a t e r i a l .  

The s t i m u l a t i o n  d e s i g n  provided f o r  a n  enzyme-type b r e a k e r  t o  c o n s i d e r -  
a b l y  reduce t h e  t r e a t m e n t  f l u i d  v i s c o s i t y  w i t h i n  a  few days .  G e l ,  however, 
was found around t h e  c a s i n g  i n  t h e  roof  and f l o o r .  The g e l  i n  t h e  roof  con- 
t a i n e d  no sand  and t h e r e f o r e  must have been inc luded  i n  t h e  i n i t i a l  f l u i d  pad 
b e f o r e  t h e  proppant was added. The g e l  around t h e  bottom of  t h e  c a s i n g  d i d  
c o n t a i n  sand and cou ld  have been p laced  t h e r e  anytime d u r i n g  t r e a t m e n t .  



Gel  p r e s e n c e  may be e x p l a i n e d  i n  two ways: E i t h e r  t h e  b r e a k e r  was n o t  
added t o  t h e  s t i m u l a t i o n  f l u i d  a s  p l a n n e d ,  o r  t h e  b r e a k e r  was added th roughout  
t r e a t m e n t  b u t  chemical  f a c t o r s  i n  bo th  r o o f  and f l o o r  p reven ted  g e l  breakdown. 
The f i r s t  e x p l a n a t i o n  i s  u n l i k e l y ;  t h e  second i s  more p robab le  c o n s i d e r i n g  
t empera tu re  v a r i a t i o n ,  p o s s i b l e  r e a c t i o n  w i t h  p i p e ,  cement ,  e t c .  

Product  i o n  

Two major f a c t o r s  r e s p o n s i b l e  f o r  t h e  poor p r o d u c t i o n  a t  TW2 a r e  heavy 
g r e a s e  used t o  p r e s e r v e  downhole w a t e r  p r o d u c t i o n  equipment was n o t  comple te ly  
removed b e f o r e  i n s t a l l a t i o n  and r e p e a t e d l y  c logged t h e  pump, and t h e  p o s i t i o n  
of  s l o t s  below t h e  p r o d u c t i o n  zone a l lowed  w a t e r  t o  d r a i n  from t h e  c o a l b e d  b u t  
was n o t  conducive  t o  gas  d r a i n a g e .  S i n c e  w a t e r  d r a i n s  t o  lower h o r i z o n s  o f  
t h e  c o a l b e d ,  f r e e  gas  i s  b e l i e v e d  t o  have accumulated i n  t h e  upper  p o r t i o n s  of  
t h e  c o a l  a g a i n s t  t h e  o v e r l y i n g  impervious  r o o f  rock  ( s h a l e ) .  

Dur ing t h e  f i r s t  3 days  o f  s u c c e s s f u l  pumping, TW2 produced no g a s ,  
a l t h o u g h  a  s i g n i f i c a n t  volume of  g a s  i s  though t  t o  have accumulated i n  upper  
p o r t i o n s  of  t h e  coa lbed  around t h e  w e l l b o r e .  On t h e  f o u r t h  day t h e  pump 
clogged w i t h  g r e a s e  and was dismounted f o r  s e r v i c i n g .  The w a t e r  l e v e l  r o s e  i n  
t h e  b o r e h o l e  a s  f o r m a t i o n  p r e s s u r e s  p a r t i a l l y  r e c o v e r e d .  Based on p r e v i o u s  
Bureau o f  Mines s t u d i e s  ,6 i t  may be assumed t h a t  f r e e  g a s  p r e s s u r e  e q u i l i -  
b r a t e d  w i t h  t h e  i n c r e a s i n g  h y d r a u l i c  head .  

The pump was r e p a i r e d  and w a t e r  p r o d u c t i o n  resumed on t h e  e i g h t h  d a y ,  and 
a f t e r  removing approx imate ly  4 .3  b b l  of  w a t e r  and measur ing no f low th rough  
g a s l i n e s ,  t h e  w e l l  "unloaded,"  suddenly  p roduc ing  gas  a t  more t h a n  80,000 
cu f t / d a y .  Th i s  i n d i c a t e s  t h a t  t h e  f r e e  gas  p r e s s u r e  around t h e  w e l l b o r e  had 
b u i l t  up d u r i n g  t h e  p rev ious  8 days and t h a t  i t  was suddenly  r e l e a s e d  when 
pumping caused a  d i s e q u i l i b r i u m  p r e s s u r e  s t a t e  between t h e  coa lbed  and t h e  
w e l l b o r e .  Th i s  sequence of e v e n t s  was r e p e a t e d  s e v e r a l  t imes  d u r i n g  t h e  pro-  
d u c t i v e  l i f e  of t h e  w e l l  because  t h e  pump became i n o p e r a t i v e  f o l l o w i n g  e a c h  
u n l o a d i n g .  

Gas p r o d u c t i o n  s t a b i l i z e d  s l i g h t l y  d u r i n g  a  2-week i n t e r v a l  p r i o r  t o  
underground i n t e r c e p t i o n .  Given t h e  p o s i t i o n  of s l o t s  i n  t h e  c a s i n g ,  s t a b i -  
l i z e d  g a s  p r o d u c t i o n  cou ld  n o t  have been p o s s i b l e  w h i l e  s i g n i f i c a n t  amounts of 
w a t e r  c o n t i n u e d  t o  f low through t h e  c o a l b e d .  Waterf low from t h e  w e l l  d i d ,  
i n  f a c t ,  d e c r e a s e  d u r i n g  t h i s  p e r i o d .  S i n c e  e x p e r i e n c e  w i t h  o t h e r  c o a l  g a s  
w e l l s  i n  t h e  Mary Lee i n d i c a t e s  r e l a t i v e l y  s t a b l e  wa te r f low over  ex tended  
p e r i o d s  ( I ) ,  i t  i s  b e l i e v e d  t h a t  pumping d i d  n o t  s i g n i f i c a n t l y  "dewater" t h e  
coa lbed  around t h e  w e l l b o r e  and t h a t  t h e  r e d u c t i o n  o f  w a t e r  p r o d u c t i o n  r a t e  
was due t o  d r a i n a g e  of w a t e r  i n t o  t h e  approach ing  mine opening.  

' ~ e c e n t  l a b o r a t o r y  exper iments  show c o n c l u s i v e l y  t h a t  g a s  d e s o r p t i o n  from Mary 
Lee c o a l  w i l l  c o n t i n u e  a t  p r e s s u r e s  i n  e x c e s s  of 120 l b / s q  i n  gage.  F i e l d  
s t u d i e s  i n d i c a t e  Mary Lee coa lbed  gas  w i l l  c o n t i n u e  t o  f low from new w e l l s  
u n t i l  a  s t a t i c  w a t e r  l e v e l  i s  a c h i e v e d .  



CONCLUS IONS 

1. Rotary d r i l l i n g  u s ing  r o l l e r  b i t  and foam i s  an e f f e c t i v e  t echn ique  
t o  avo id  ex t ens ive  we l l b o r e  and /or  coalbed damage. 

2 .  A l i g h t w e i g h t ,  l ow- f lu id - l o s s  cement mix ture  can  reduce cement i n f i l -  
t r a t i o n  i n t o  t he  f l o o r ,  c o a l ,  and roof  r ock .  

3 .  Dens i ty  logs  may be used t o  i d e n t i f y  zones w i t h i n  coalbeds  which may 
have a s u b s t a n t i a l  i n f l uence  on t h e  geometry of h y d r a u l i c a l l y  induced channe ls .  
Dens i ty  logs  may a l s o  be used t o  i d e n t i f y  s u c c e s s f u l l y  s l o t t e d  p o r t i o n s  of 
c a s i n g .  

4 .  The hyd rau l i c  f o r c e s  used t o  s t i m u l a t e  c o a l  may be d i v e r t e d  s e v e r a l  
t i m e s ,  r e s u l t i n g  i n  numerous s h o r t  channels  r a t h e r  chan one o r  two cont inuous 
long  channe ls .  Hor i zon t a l  channels  may be propagated when i n j e c t i o n  p r e s su re  
exceeds  e f f e c t i v e  overburden p r e s s u r e ,  b u t  because of t h e  r e l a t i v e  s o f t n e s s  of 
c o a l ,  t h e  p r i n c i p a l  mechanism l ead ing  t o  h o r i z o n t a l  channe 1 development i s  com- 
p r e s s i o n  r a t h e r  t han  f l e x i n g  and l i f t i n g  of  t he  overburden. 

5 .  Underground f r a c t u r e  s t u d i e s  i n d i c a t e  a  d i r e c t  c o r r e l a t i o n  between 
propagated v e r t i c a l  channel  d i r e c t i o n s  and t he  j o i n t  and c l e a t  o r i e n t a t i o n s .  
There i s  a l s o  a  d i r e c t  r e l a  t i o n s h i p  between s u r f a c e  and underground f r a c t u r e s  
which can be used t o  determine t he  v e r t i c a l  induced channel  d i r e c t i o n  be fo r e  
s t i m u l a t i o n .  

6 .  Ge 1 may not break down s u f f i c i e n t l y  near  t h e  we1 l bo re  , because of low 
tempera tures  o r  adverse  chemical  r e a c t i o n  wi th  c a s i n g  m a t e r i a l s .  

7 .  Highly v a r i a b l e  gas  flow r a t e s  may be a t t r i b u t e d  t o  downhole wate r  
pump mal func t ion  and/or  t o  t h e  p o s i t i o n i n g  of p roduc t ion  openings ( s l o t s  o r  
p e r f o r a t i o n s )  below the  p roduc t ive  c o a l  zone. 
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APPENDIX. --HISTORY OF TEST WELL N O .  2  I N  THE MARY LEE CQALBED 
NEAR OAK GROVE, JEFFERSON COUNTY, ALA. 

DRILLING 
D r i l l i n g  d e p t h ,  f t  

0  t o  1 0 . 0 . .  . . . . . . . . . . . . .  

B i t  t y p e  I B i t  d i a m e t e r ,  I C i r c u l a t i o n  

10 t o  857 .0  . . . . . . . . . . . . .  
857 t o  1 , 1 5 0 . 6  . . . . . . . . . .  

NOTE.--The lower bench of  t h e  Mary Lee coa lbed  i s  from 1 , 0 9 3 . 4  t o  1 , 0 9 8 . 4  f t  
deep.  1W2 i s  i n  s e c t i o n  35, T  18 S, R  6  W .  D r i l l i n g  was s t a r t e d  
September 2 6 ,  1976 ,  and i t  was completed October 2 0 ,  1976 ,  t o  a  t o t a l  
d e p t h  of  1 , 1 5 0 . 5  f t .  The t o t a l  d e p t h  o f  the  c a s i n g  was 1 , 1 5 0 . 0  f t .  

T r i c o n e . .  . . . . . . . . . . . .  

- - 

Cement 

CASING 

A i r  p e r c u s s i o n  . . . . . . .  
T r i c o n e  . . . . . . . . . . . . . .  

D a t e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Zone cemented . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number o f  s a c k s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
American Pet roleum I n s t i t u t e  c l a s s .  . . . . . . . . . . . . . . . . . .  

i n  
8 . 7 5  

Cas ing  d i a m e t e r  , 
i n  

6 . 6 3  
4 . 5 0  

Y i e l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mixed weight  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A d d i t i v e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

medium 
A i r .  

6 . 2 5  
6 . 1 3  

Weight , 
l b / f t  
1 3 . 0  

9 . 5  

C a s i n g ,  f t  

O t o  10 . ( I . . . . . . . . . . . . . . .  
0  t o  1 ,150  . 0 . . . . . . . . . . . .  

DO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C i r c u l a t i n g  p r e s s u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Displacement p r e s s u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Maximum p r e s s u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r e a t i n g  r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Displacement r a t e . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cement l e f t  i n  c a s i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Air-foam. 
Do. 

Cas ing  t y p e  

S u r f a c e  p i p e  . . . . . . . . .  
K-55 . . . . . . . . . . . . . . . . .  

October  2 1 ,  1976.  
650 t o  1 ,150 .5  f t .  
35 
A .  
1 .44  cu f t  p e r  s a c k .  
1 3 . 8  l b / g a l .  
2  p c t  g e l .  
10 l b  g i l s o n i t e .  
4  l b  s a l t .  
2 p c t  ca lc ium c h l o r i d e .  
100 l b / s q  i n  gage.  
150 l b / s q  i n  gage .  
150 l b / s q  i n  gage .  
1 bbl /min.  
1 bbl /min.  
15 f t .  



Geophys i c a  1 Logging 

Date  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  October 2 3 ,  1976. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Type of l og  Na tu ra l  gamma, g a m a  d e n s i t y .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I n t e r v a l  logged 0 t o  1,132 f t .  
DO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,012 t o  1,130 f t .  
DO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,062 t o  1 ,130 f t .  

Date .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  October 27 ,  1976. 
Type of l o g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gamma d e n s i t y .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I n t e r v a l  logged 1,080 t o  1,106 f t .  
DO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,066 t o  1 ,105  f t .  
DO.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,084 t o  1 ,101  f t .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Do. 1,082 t o  1,105 f t .  
DO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,078  t o  1,105 f t .  

S l o t t i n g  t h e  Cas in6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Date October 24 ,  1976. 
Type of t o o l  used ............................. J e t  s l o t t i n g .  
Abrasive medium.. ............................. 20- t o  40-mesh sand.  
I n t e r v a l  t r e a t e d . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,094.4 t o  1 ,098.4 f t .  

.................. Perf o r a t i o n s ,  t y p e ,  spac ing .  4 s l o t s ,  90° a p a r t .  

Hvdraul ic  S t i m u l a t i o n  

....................................... Date . . .  
Propping sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DO .......................................... 
............................... Treatment f l u i d  

. . . . . . . . . . . . . . . . . . . . .  S u r f a c t a n t  concen t r a t i on .  
F lu id - lo s s  a d d i t i v e  concen t r a t i on . .  ........... 
G e l l i n g  agent  c o n c e n t r a t i o n . . . . . . . . . . . . . . . . . . .  
Breaker concen t r a t i on  . . . . . . . . . . . . . . . . . . . . . . . . .  
Complexer c o n c e n t r a t i o n . . .  .................... 

.............................. Maximum p re s su re  
Average p r e s s u r e . . . . . . . . . . .  ................... 

....................... Treatment r a t e ,  average 
Hudraul ic  horsepawe r . . . . . . . . . . . . . . . . . . . . . . . . . .  

October 24,  1976. 
20- t o  40-mesh sand ,  1 ,000 l b .  
10- t o  20-mesh sand ,  3 ,000 l b  . 
Gelled w a t e r ,  3,500 g a l .  
3 ga1/1,000 g a l .  
50 lb/1 ,000 g a l .  
66.7 lb/1 ,000 g a l .  
2 lb/1 ,000 g a l .  
0 . 4  ga1/1,000 g a l .  
2,500 l b / sq  i n  gage. 
2,400 l b / sq  i n  gage-  
8 bbl/min. 
1 ,000 hp*  

Well L i f e  

* . * . . . . . . *  . Date produc t ion  equipment i n s t a l l e d .  November 1 2 ,  1976 
Date p roduc t ion  began. ........................ November 1 3 ,  1976. 

.......... Date produc t ion  equipment removed.. February 1 4 ,  1977- 
Date underground i n t e r c e p t i o n  . . . . . . . . . . . . . . . . .  February 1 5 ,  1977- 
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