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©  Wei  bore  recompletion. 

©  A  well  bore  employed  for  production  of  hy- 
drocarbons  having  open  hole  completion  and  zonal 
breakdown  in  the  locus  of  the  well  bore  are  recom- 
pleted,  advantageously  for  injection  of  a  fluid  such 
as  C02  in  an  enhanced  oil  recovery  process.  Recom- 
pletion  is  effected  by  packing  off  the  open  hole 
interval,  emplacing  a  particulate  material  (21)  in  the 
packed  off  interval  and  broken  down  zone  (14),  ad- 
hering  the  particulates  together  with  an  adhesive  to 
form  a  permeable  synthetic  rock-like  material,  ream- 
ing  out  the  open  hole  interval  to  a  greater  diameter 
than  the  original  completion,  setting  a  casting  (27) 
over  the  open  hole  interval,  cementing  (31)  between 
the  casing  (27)  and  the  reamed  out  hole,  and  per- 

fora t ing   (32)  at  the  zone  (14)  to  be  isolated  and  to  be 
^communicated  with  from  the  well  bore,  e.g.,  for  C02 

injection. 
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WELL  BORE  RECQMPLET10N 

me  invention  relaxes  10  completion  ot  pore 
holes.  In  one  aspect,  the  invention  relates  to  re- 
completion  of  an  open  hole  bore  hole  so  as  to 
isolate  a  permeable  zone  in  a  subterranean  forma- 
tion  from  other  permeable  zones  in  the  subterra- 
nean  formation.  In  a  preferred  aspect,  the  invention 
relates  to  recompletion  of  an  open  hole  well  bore  of 
a  production  well  that  had  been  stimulated  by 
detonation  of  high  explosives  so  as  to  make  the 
recompleted  well  suitable  for  injection  of  a  fluid  in  a 
fluid  drive  process,  for  example,  in  an  enhanced  oil 
recovery  process  involving  injection  of  carbon  diox- 
ide  (C02). 

There  are  situations  when  it  is  advantageous  to 
recomplete  an  open  hole  well  bore  so  as  to  estab- 
lish  fluid  communication  between  the  well  bore  and 
a  permeable  zone  of  a  subterranean  formation  to 
the  exclusion  of  communication  with  other  per- 
meable  zones  in  the  subterranean  formation. 

An  example  of  a  situation  in  which  such  recom- 
pletion  is  highly  advantageous  is  in  the  implemen- 
tation  of  an  enhanced  oil  recovery  process  involv- 
ing  injection  of  a  fluid  from  an  injection  well  into  a 
permeable  subterranean  formation  containing  resid- 
ual  hydrocarbons,  so  as  to  cause  the  hydrocarbons 
to  migrate  to  a  production  well,  with  production  of 
the  hydrocarbons  or  oil  to  the  surface  from  the 
production  well.  More  specifically,  after  depletion 
by  primary  production,  and  even  after  water  flood- 
ing,  is  completed,  it  is  often  advantageous  to  in- 
stitute  an  enhanced  oil  recovery  process  involving 
injection  of  C02  into  injection  wells  and  production 
of  displaced  hydrocarbons  from  production  wells. 

Primary  production  is  often  from  open  hole 
completions.  That  is,  a  casing  is  set  from  the 
surface  to  near  the  production  horizon,  the  casing 
is  cemented  into  place,  and  then  the  well  is  drilled 
and  completed  open  hole,  without  casing,  to  depth. 
To  stimulate  production,  it  is  common  practice  in 
many  reservoirs  to  detonate  high  explosives  such 
as  nitroglycerin  in  the  well  bore  at  selected  sites 
near  subterranean  zones  of  high  permeability  that 
produce  hydrocarbons  or  oil.  This  is  often  effected 
where  there  are  numerous  production  horizons  so 
as  to  make  sure  that  all  producible  zones  are 
opened  for  production.  Thus,  high  rates  of  produc- 
tion  are  obtained,  and  there  is  little  chance  of 
missing  a  zone  of  potential  production,  which  might 
be  true  if  a  cased  hole  were  perforated  at  intervals 
indicated  to  be  productive,  as  by  well  logs. 

The  foregoing  procedure  works  well  as  long  as 
primary  production  lasts.  However,  there  comes  a 
time  with  all  reservoirs  when  primary  production 
becomes  uneconomic.  When  this  occurs,  very 
large  amounts  of  unrecovered  oil  may  still  be  left  in 

the  reservoir.  At  such  time,  it  is  often  advantageous 
to  institute  an  enhanced  oil  recovery  process,  for 
example,  involving  injection  of  C02  into  injection 
wells  and  recovery  of  displaced  oil  from  production 

5  wells. 
In  the  development  of  such  an  enhanced  oil 

recovery  process,  considerable  savings  of  time, 
energy,  and  funds  involved  with  drilling  new  wells 
can  be  realized  if  open  hole  well  bores  having 

to  zonal  breakdown  in  the  locus  of  the  well  bore  can 
be  reconstituted  so  as  to  isolate  permeable  zones 
of  interest  from  other  permeable  zones  in  the  sub- 
terranean  formation.  This  has  heretofore  not  been 
feasible,  particularly  when  the  open  zones  were 

is  blasted  with  nitroglycerin  or  other  high  explosives. 
Greatly  added  expenses  of  drilling  new  patterns  of 
new  injection  wells  were  required. 

It  is  known  in  the  prior  art  to  form  permeable 
sheaths  of  "synthetic  permeable  rock"  around  well 

20  bores  so  as  to  mitigate  sand  production.  It  is  aiso 
known  to  squeeze  thermosetting  resin  and  par- 
ticulate  material  through  perforations  into  cavities  in 
a  formation,  and  then  to  drill  out  the  plug  in  the 
well,  after  setup,  so  as  to  mitigate  sand  production 

s  problems.  Specifically,  U.S.  3,929,191  is  exemplary 
of  a  process  wherein  epoxy  resin  or  phenolic  resin 
coated  sand  grains  are  squeezed  through  perfora- 
tions  in  a  casing  into  cavities  in  a  formation,  the 
mixture  is  allowed  to  set  up  into  a  consolidated 

so  permeable  synthetic  rock-like  mass  under  influence 
of  heat  from  the  subterranean  formation,  the  plug  in 
the  wall  is  drilled  out,  and  the  permeable  plugs  in 
the  cavities  are  left  in  place  to  mitigate  sand  pro- 
duction. 

is  A  further  earlier  proposal  described  in  U.S. 
3,918,522  is  exemplary  of  prior  art  disclosing  iso- 
lating  formations  by  casing,  cementing,  and  then 
perforating  into  the  zone  of  interest. 

It  is  apparent,  however,  that  this  procedure  is 
to  not  feasible  when  the  zone  of  interest  has  been 

broken  down  by  blasting  or  sand  production,  since 
the  cement  squeezed  into  the  cavity  would  be 
difficult  or  impossible  to  perforate. 

Further  earlier  systems  are  described  in  U.S. 
fS  3,542,132;  U.S.  3,999,608,  U.S.  3,107,727;  U.S. 

3,209,823;  U.S.  3,336,980;  U.S.  3,708,013;  U.S. 
3,709,298;  and  U.S.  3,929,191. 

An  object  of  the  invention  is  to  provide  a  pro- 
cess  for  recompleting  an  open  hole  well  bore  hav- 

;o  ing  zonal  breakdown  in  the  locus  of  the  well  bore 
so  as  to  reconstitute  isolation  of  a  permeable  zone 
from  other  permeable  zones  in  a  subterranean  for- 
mation. 
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viewed  from  one  aspect  the  invention  provides 
a  process  for  recompleting  an  open  hole  well  bore 
having  zonal  breakdown  in  the  region  of  the  well 
bore  in  such  a  way  as  to  reconstitute  isolation  of 
one  permeable  zone  from  other  permeable  zones 
in  a  subterranean  formation,  such  process  compris- 
ing: 

(a)  packing  off  a  region  of  the  open  hole 
which  includes  the  permeable  zone  to  be  isolated; 

(b)  emplacing  a  particulate  material  in  said 
region,  such  material  extending  into  a  broken  down 
zone  therein; 

(c)  adhering  the  particles  of  the  particulate 
material  together  with  an  adhesive  to  consolidate 
the  particles  and  to  form  a  permeable  synthetic 
rock-like  solid  material; 

(d)  removing  material  from  said  region  to 
form  a  hole  of  greater  diameter  than  the  original 
completion  in  such  a  way  as  to  leave  permeable 
synthetic  rock-like  solid  material  in  the  broken 
down  zone  whilst  removing  permeable  material 
from  the  region  between  an  adjacent  non-perme- 
able  isolation  zone  and  the  opened  out  hole; 

(e)  setting  a  smaller  diameter  casing  over 
the  open  hole  region; 

(f)  injecting  cement  between  the  smaller  di- 
ameter  casing  and  said  opened  out  hole,  and 

(g)  perforating  to  the  permeable  zone  to  be 
isolated  so  as  to  effect  fluid  communication  be- 
tween  the  well  and  such  permeable  zone. 

The  process  of  the  invention  is  particularly 
advantageous  for  effecting  considerable  savings  by 
recompleting  open  hole  production  wells  for  con- 
version  to  injection  wells  for  use  in  fluid  drive 
processes. 

Thus,  in  a  preferred  process  in  accordance 
with  the  invention  a  production  well  having  open 
hole  completion  and  having  been  blasted  by  deto- 
nation  of  high  explosives  in  the  well  bore  is  recom- 
pleted  as  an  injection  well  for  injection  of  C02  into 
the  isolated  permeable  zone  of  the  formation  in  a 
C02  drive  process. 

Advantageously,  the  particulate  material  is 
coated  with  a  thermosetting  resin  such  as  an  epoxy 
resin  or  a  phenolic  resin  which  is  partially  cured, 
such  material  being  slurried  into  place  and  allowed 
to  set  so  as  to  form  the  permeable  synthetic  rock- 
like  material  in  situ  by  stimulation  from  the  heat 
from  the  formation. 

A  preferred  embodiment  of  the  invention  will 
now  be  described,  by  way  of  example  only,  with 
reference  to  the  accompanying  drawings,  wherein: 

Figures  1  to  8  illustrate  semi-schematically,  a 
cut-away  section  of  a  bore  hole  penetrating  a  sub- 
terranean  formation,  wherein  a  shot  open  hole  pro- 
duction  well  is  converted  to  a  cased  and  cemented 

5  well  bore  for  injection  into  a  specific  permeable 
subterranean  zone  to  the  exclusion  of  other  per- 
meable  subterranean  zones. 

Figure  1  shows  a  production  well  that  has 
been  completed  open  hole  into  a  subterranean 

w  formation  and  shot  with  high  explosives  at  a  mul- 
tiplicity  of  points  to  enhance  production  from  per- 
meable  subterranean  zones. 

Figure  2  shows  an  embodiment  of  the  pro- 
cess  wherein  the  open  hole  interval  has  been 

75  packed  off  and  a  particulate  material  coated  with  a 
partially  cured  adherence  has  been  placed  in  the 
packed  off  interval  and  broken  down  zones. 

Figure  3  illustrates  the  process  later,  wherein 
the  particulates  are  adhered  together  to  form  a 

20  permeable  synthetic  rock-like  mass  in  the  packed 
off  interval,  with  a  bit  in  place  ready  to  drill  out  the 
interval  to  the  inside  diameter  of  the  cased  well 
bore. 

Figure  4  shows  the  process  still  later, 
25  wherein  drilling  out  of  the  synthetic  permeable 

rock-like  mass  has  been  completed. 
Figure  5  shows  a  following  later  stage  of  the 

process  wherein  a  reamer  has  been  expanded  in 
place  so  as  to  ream  out  the  open  bore  interval  to  a 

30  diameter  slightly  larger  than  the  original  well  bore. 
Figure  6  illustrates  the  process  after  reaming 

to  the  bottom  of  the  open  hole  interval. 
Figure  7  illustrates  the  process  after  a  small- 

er  diameter  casing  has  been  set,  at  a  stage  near 
35  the  end  of  the  cementing  procedure  to  cement  the 

smaller  diameter  casing  in  place. 
Figure  8  shows  the  process  after  the  well 

has  been  recompleted  for  injection  of  fluid  into  a 
selected  permeable  subterranean  zone. 

40  Figures  1  through  8  illustrate  stages  in  one 
presently  preferred  embodiments  of  the  invention 
wherein  a  shot  open  hole  completion  production 
well  is  recompleted  as  a  cased  hole  injection  well 
for  injection  of  fluids  into  a  selected  permeable 

45  subterranean  zone.  The  same  numbers  are  used  in 
the  various  figures  to  refer  to  the  same  items. 

Thus,  referring  to  Figure  1,  a  shot  open  hole 
completion  production  well  1,  to  be  recompleted 
according  to  a  presently  preferred  mode  of  the 

50  invention,  is  illustrated.  The  well  bore  has  casing  2 
cemented  in  place  by  cement  3  from  the  surface  to 
near  the  production  zones.  From  the  bottom  of  the 
cased  hole  completion,  the  well  4  is  completed 
open  hole  to  depth  5  through  overburden  6,  first 

;5  permeable  zone  7,  first  impermeable  zone  8,  sec- 
ond  permeable  zone  9,  second  impermeable  zone 
10,  third  permeable  zone  11,  and  underburden  12. 
Cavities  13,  14,  and  15  have  been  blasted  in  per- 

3 
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iiieetuHs  ^une  t,  a  ana  1  1  dv  means  or  nign  ex- 
plosives  to  enhance  the  rate  of  production  from  the 
permeable  zones.  The  material  from  the  cavities 
has  been  circulated  out  of  the  well. 

Referring  to  Rgure  2,  a  tubing  string  16  having 
break  away  section  17  and  aluminum  tail  section 
18  has  been  set  through  packer  19.  It  is  centralized 
in  the  uncased  portion  of  the  bore  hole  4  by  means 
of  centralizing  spider  20.  Coarse  sand  coated  with 
a  partially  cured  phenolic  resin  21  has  been  in- 
jected  down  tubing  string  16  as  a  slurry  such  as  to 
fill  bore  hole  14  and  cavities  13,  14,  and  15.  The 
fluid  from  the  slurry  passes  into  permeable  zones 
in  the  formation. 

At  the  stage  shown  in  Rgure  3,  the  coated 
coarse  sand  21  has  set  up  to  a  solid  permeable 
synthetic  rock-like  material  under  the  influence  of 
heat  from  the  subterranean  formation.  Tubing  16 
has  been  disconnected  from  break-away  section  17 
leaving  aluminum  tail  piece  18  and  the  centralizing 
spider  20  in  the  set  up  solid  permeable  rock-like 
material  21.  Packer  19  has  also  been  removed,  and 
drill  string  22  having  cutter  head  23  guidabie  by 
nose  piece  24  (shown  in  semischematic  fashion) 
has  been  emplaced. 

At  the  stage  shown  in  Rgure  4,  drill  string  22 
has  been  employed  to  power  cutter  head  23  guid- 
ed  by  nose  piece  24  downward  through  the  con- 
solidated  permeable  rock-like  mass  21  guided  and 
centralized  in  the  bore  hole  by  aluminum  tail  piece 
t8  such  as  to  remove  consolidated  permeable 
rock-like  mass  21,  break-away  section  17,  alumi- 
num  tail  piece  18,  and  centralizing  spider  20  out  of 
the  bore  hole  by  circulation.  Consolidated  perme- 
able  synthetic  rock-like  material  21  remains  in  the 
Dpen  hole  completion  portion  of  the  bore  hole  only 
in  cavities  13,  14,  and  15  and  in  a  thin  sheath  25 
around  the  bore  hole  4. 

Rgure  5  illustrates  a  later  stage  in  the  process 
wherein  the  drill  string  22  and  cutting  head  23  have 
aeert  removed,  and  reaming  head  26  has  been 
nserted  and  expanded  radially  below  the  cased 
DOrtion  of  the  well,  ready  to  cut  downward  so  as  to 
-emove  the  sheath  25  of  the  consolidated  per- 
meable  rock-like  material  21  and  to  cut  a  fresh  face 
m  the  bore  hole  as  it  is  powered  in  rotation  down- 
ward. 

Rgure  6  shows  the  stage  in  the  process 
wherein  the  reaming  head  26  has  been  powered 
ind  rotated  downward  by  means  of  drill  string  22 
such  as  to  cut  the  sheath  25  of  consolidated  per- 
neabie  rock-like  material  from  around  the  well 
sore,  and  to  cut  a  fresh  face  on  the  bore  hole 
sarticularfy  in  non-permeable  zones  8  and  10,  while 
eaving  consolidated  rock-like  permeable  material 
it  in  cavities  13,  14,  and  15.  Cuttings  are  cir- 
:utated  out  of  the  well  bore. 

As  illustrated  in  Rgure  7,  reaming  head  26  has 
been  contracted  and  removed  from  the  well  bore 
by  means  of  drill  string  22.  Smaller  diameter  cas- 
ing  27  has  been  lowered  into  the  well  bore  and  is 

5  being  cemented  in  place  by  means  of  cement  30 
being  forced  down  the  interior  of  the  smaller  diam- 
eter  casing  27  by  means  of  mud  column  28  and 
wiper  plug  29  such  as  to  fill  annulus  31.  The 
cement  30  is  then  forced  completely  to  the  bottom 

w  of  the  casing  27  and  is  allowed  to  set  up.  Mud  28 
is  circulated  from  the  interior  of  the  casing,  and  the 
wiper  plug  29  can  be  removed  if  desired.  It  should 
be  noted  that  the  cement,  upon  setting,  forms  a 
fluid  tight  seal  between  the  smaller  diameter  casing 

is  27  and  the  face  of  the  formations  7,  8,  9,  10,  11, 
and  12.  The  cement  abuts  consolidated  permeable 
rock-like  material  in  cavities  13,  14,  and  15. 

Prior  to  the  stage  illustrated  in  Rgure  8,  per- 
forations  32  are  made  from  the  interior  of  casing  27 

20  through  casing  27  and  cement  sheath  31  into  the 
consolidated  permeable  rock-like  material  filling 
cavity  14,  so  as  to  establish  fluid  communication 
between  the  interior  of  casing  27  and  permeable 
rock-like  material  21  in  cavity  14  within  permeable 

25  subterranean  formation  9,  the  fluid  being  isolated 
from  permeable  formations  7  and  1  1  by  means  of 
impermeable  formations  8  and  10  and  imperme- 
able  sheath  31. 

As  shown  in  Rgure  8,  tubing  string  33  is  set 
30  within  casing  27,  including  packer  34  forming  an- 

nulus  35.  Fluid  communication  is  thus  effected 
selectively  with  permeable  subterranean  zone  9; 
from  the  surface  down  tubing  string  33  and  through 
perforations  32  and  permeable  rock-like  material  in 

)5  cavity  14.  Ruid  communication  with  permeable 
zones  7  and  1  1  is  excluded  by  impermeable  zones 
8  and  10  and  impermeable  cement  sheath  31. 

The  blasted  former  open  hole  completion  pro- 
duction  well  is  thus  converted  to  a  cased  injection 

m  well  having  fluid  communication  only  with  the  de- 
sired  permeable  subterranean  zone. 

A  presently  preferred  embodiment  of  the  inven- 
tion  has  been  particularly  described  in  the  preced- 
ing  section  in  connection  with  the  detailed  descrip- 

«  tion  of  the  drawings.  Other  presently  preferred 
modes  are  hereinafter  described  and  further  elabo- 
ration  is  provided. 

In  a  basic  embodiment,  the  process  relates  to 
establishment  of  fluid  communication  between  a 

o  cased  and  cemented  well  bore  and  a  permeable 
zone.  The  communication  is  isolated  from  other 
subterranean  permeable  zones  by  reconstituting 
isolation  of  the  permeable  zone  of  interest  from 
other  per  meable  zones  by  restoring  the  imper- 

s  meability  of  zones  there-between  near  a  well  bore. 



7 0  242  472 8 

The  foregoing  is  effected  by  packing  off  the 
open  hole  interval  including  the  permeable  zone  to 
be  isolated  and  including  an  impermeable  subterra- 
nean  zone  separating  the  permeable  zone  to  be 
isolated  from  other  permeable  subterranean  zones.  5 
Conventional  oil  field  packers  of  various  types  can 
be  employed.  Packing  procedures  and  equipment 
are  well  known  in  the  oil  industry  and  in  the  oil  field 
service  industry. 

Thereupon,  a  particulate  material  is  placed  in  io 
the  packed  off  interval  and  broken  down  zone;  and 
the  particulates  of  the  particulate  material  are  ad- 
hered  together  with  an  adhesive  to  consolidate  the 
particulates  and  to  form  a  permeable  synthetic  rock 
like  material.  In  accordance  with  one  presently  pre-  75 
ferred  mode,  the  particulates  are  coated  with  a 
solid,  fusible  resin  which  is  partially  cured.  The 
resin  can  be  a  phenolic  resin  or  a  partially  cured 
epoxy  resin.  U.S.  3,929,191  discloses  one  suitable 
method.  In  accordance  with  another  mode,  the  20 
particulates  are  placed  at  the  desired  sit,  and  the 
adhesive,  such  as  a  phenolic  resin  or  an  epoxy 
resin  (or  precursors  thereof)  is  emplaced  within  the 
particulate  material  mass  by  injecting  a  slug  of  the 
adhesive  or  precursors  followed  by  a  pusher  slug.  25 
Such  methods  are  also  well  known  to  the  industry, 
and  are  commerically  available.  By  whichever 
mode  that  is  used,  the  particles  are  adhered  to- 
gether  to  form  a  permeable  synthetic  rock-like 
mass  in  the  packed  off  interval  and  extending  into  30 
broken  down  zones  to  reconstitute  permeable  sub- 
terranean  zones. 

Thereupon,  the  synthetic  permeable  rock-like 
mass  is  drilled  and/or  reamed  out  to  a  greater 
diameter  than  the  original  completion  so  as  to  35 
leave  the  permeable  synthetic  rock-like  material  in 
the  broken  down  permeable  zone,  thus  reconstitut- 
ing  the  permeable  zone,  but  not  adjacent  to  a 
nonpermeable  isolation  zone  adjacent  to  the  per- 
meable  zone  to  be  isolated.  Usually,  a  number  of  40 
permeable  zones  will  exist  in  subterranean  forma- 
tions  which  are  separated  by  nonpermeable  zones 
in  the  formations.  This  is  often  true  for  production 
wells  after  primary  production  from  formations  hav- 
ing  relatively  thin  production  zones  wherein  open  45 
hole  completion  and  blasting  with  high  explosives 
has  been  employed  to  maximize  recovery  rates.  Of 
course,  a  plurality  or  multiplicity  of  permeable  and 
nonpermeable  zones  separated  by  a  plurality  or 

?  multiplicity  of  nonpermeable  zones  may  be  50 
present,  and  often  is,  depending  upon  the  particu- 
lar  reservoir  to  be  operated  upon. 

One  preferred  method  of  drilling  and  reaming 
out  the  open  hole  interval  involves  using  an  alu- 
minum  tail  pipe  to  emplace  the  particulates  prior  to  55 
setting  up  to  form  the  permeable  synthetic  rock-like 
material,  shearing  the  tubing  string  so  as  to  leave 
the  aluminum  tail  pipe  in  place  in  the  set  per- 

meable  material,  and  then  employing  a  drill  with  a 
guiding  nose  piece  so  as  to  center  the  drill  and 
reaming  operation  so  as  to  more  precisely  remove 
the  set  permeable  material,  with  centering  on  the 
original  bore  hole.  Such  drilling  and/or  reaming 
techniques  are  well  known  to  those  skilled  in  the 
art,  and  are  well  known  in  the  petroleum  and  oil 
service  industries. 

The  tail  pipe,  spider,  and  other  elements  can 
be  fabricated  of  aluminum  or  other  metal  that  is 
readily  attacked  by  acid  or  the  like  so  that  they  can 
be  removed  by  an  acid  treatment  or  the  like. 

After  the  drilling  and/or  reaming  operation  de- 
scribed  hereinabove  is  completed,  a  casing  is  set 
over  the  open  hole  interval.  The  casing  is  then 
cemented  in  place.  Ordinary  casing  setting  and 
cementing  procedures,  which  are  well  known  and 
practiced  in  the  oil  and  oil  service  industries,  are 
employed.  Often,  the  casing  is  set  in  place,  and 
cement  is  forced  down  the  casing  and  up  the 
annulus  by  means  of  a  wiper  plug  and  mud.  The 
mud  is  then  circulated  out  of  the  well  bore  within 
the  casing  after  setting  of  the  cement  by  means  of 
a  tubing  string  or  the  like.  Such  techniques  are  also 
ordinary  oil  field  operating  procedure  well  known  in 
the  petroleum  and  well  service  industries. 

Thereupon,  perforations  are  formed  in  the  cas- 
ing  and  setup  cement  sheath  by  means  of  a  con- 
ventional  perforating  technique,  for  example,  with  a 
conventional  perforating  gun,  by  means  of  a  high 
temperature  jet,  or  by  means  of  a  high  pressure  jet 
of  abrasive.  Such  techniques  are  also  widely  prac- 
ticed  and  are  well  known. 

Of  course,  a  plurality  of  multiplicity  of  such 
perforating  can  be  effected  to  open  a  plurality  or 
multiplicity  of  zones  if  desired. 

Upon  perforation  to  establish  fluid  communica- 
tion  between  the  target  permeable  zone  or  zones 
and  the  well  bore,  the  open  well  bore  has  been 
recompleted  to  a  closed  well  bore,  and  is  suitable 
For  precise  injection  of  a  fluid  into  the  desired 
subterranean  horizon.  A  presently  preferred  ap- 
plication  of  the  process  is  for  recompletion  of  pro- 
duction  wells  to  injection  wells  in  a  C02  injection 
snhanced  oil  recovery  project.  The  C02  is  injected 
nto  primarily  depleted,  but  substantial  hydrocarbon 
Dr  oil-containing  formations  to  mobilize  the  oil  and 
Ttove  the  oil  to  production  wells  for  production  to 
the  surface  and  utilization. 

The  term  particulates  is  used  herein.  This  can 
nclude  any  solid  material  having  sufficient  struc- 
:ural  and  chemical  integrity  to  form  the  permeable 
:onsolidated  synthetic  rock-like  material  that  is  not 
deteriorated  by  the  reservoir  environment.  Ordinar- 
ly,  materials  such  as  course  sand,  pea  gravel,  and 
Dther  graded  small  gravel  of  quartz  or  other  rock 
jerived  materials  are  employed  because  of  abun- 
lance  and  low  cost.  It  is  also  within  the  scope  of 
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tne  invention  to  employ  otner  particulates  that  have 
resistance  to  adverse  conditions,  such  as  carbon 
particles,  alumina  particles,  glass  beads,  ceramic 
particles,  and  the  like.  Other  thermosetting  resins 
besides  epoxy  resins  and  phenolic  resins  can  also 
be  employed,  and  inorganic  adhesives  or  cements 
can  also  be  employed  so  long  as  sufficient  consoli- 
dation  of  the  particulates  is  effected  in  the  broken 
down  zone  in  the  reservoir  to  prevent  production 
back  into  the  well  bore  during  operations  and  so 
long  as  the  adhesives  have  resistance  to  deteriora- 
tion  in  the  reservoir. 

oiaims 

t-  A  process  for  recompleting  an  open  hole 
well  bore  having  zonal  breakdown  in  the  region  of 
the  well  bore  in  such  a  way  as  to  reconstitute 
isolation  of  one  permeable  zone  from  other  per- 
meable  zones  in  a  subterranean  formation,  such 
process  comprising: 

(a)  packing  off  a  region  of  the  open  hole 
which  includes  the  permeable  zone  to  be  isolated; 

(b)  emplacing  a  particulate  material  in  said 
region,  such  material  extending  into  a  broken  down 
zone  therein; 

(c)  adhering  the  particles  of  the  particulate 
material  together  with  an  adhesive  to  consolidate 
the  particles  and  to  form  a  permeable  synthetic 
rock-like  solid  material; 

(d)  removing  material  from  said  region  to 
Form  a  hole  of  greater  diameter  than  the  original 
completion  in  such  a  way  as  to  leave  permeable 
synthetic  rock-like  solid  material  in  the  broken 
down  zone  whilst  removing  permeable  material 
from  the  region  between  an  adjacent  non-perme- 
able  isolation  zone  and  the  opened  out  hole; 

(e)  setting  a  smaller  diameter  casing  over 
the  open  hole  region; 

(f)  injecting  cement  between  the  smaller  di- 
ameter  casing  and  said  opened  out  hole,  and 

(g)  perforating  to  the  permeable  zone  to  be 
isolated  so  as  to  effect  fluid  communication  be- 
tween  the  well  and  such  permeable  zone. 

2.  A  process  as  claimed  in  claim  1  wherein  a 
production  well  is  recompleted  as  an  injection  well 
For  injection  of  C02  into  the  isolated  permeable 
zone  of  the  formation  in  an  enhanced  oil  recovery 
process. 

3.  A  process  as  claimed  in  claim  1  or  2 
wherein  the  particulate  material  is  sand  and/or 
grave*  and  wherein  the  adhesive  is  comprised  of  a 
iiigh  strength  thermosetting  resin. 

4..  A  process  as  claimed  in  claim  3  wherein 
sand  or  gravel  particles  coated  with  a  partially 
=ured  thermosetting  resin  and  slurried  into  the 
packed  off  interval  and  the  broken  down  zone  and 

allowed  to  cure  by  means  of  heat  from  the  forma- 
tion  in  the  packed  off  interval  and  broken  down 
zone  to  form  the  permeable  synthetic  rock-like 
solid  material  therein. 

5  5.  A  process  as  claimed  in  claim  4  wherein  the 
synthetic  rock-like  .  solid  material  is  formed  from 
sand  and/or  gravel  coated  with  a  partially  cured 
epoxy  resin  or  a  partially  cured  phenolic  resin. 
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