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Description 

The  invention  relates  to  completion  of  bore  holes, 
in  one  aspect,  the  invention  relates  to  recompletion 
of  an  open  hole  bore  hole  so  as  to  isolate  a  permea- 
ble  zone  in  a  subterranean  formation  from  other 
permeable  zones  in  the  subterranean  formation.  In 
a  preferred  aspect,  the  invention  relates  to  recom- 
pletion  of  an  open  hole  well  bore  of  a  production  well 
that  had  been  stimulated  by  detonation  of  high  explo- 
sives  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  in- 
volving  injection  of  carbon  dioxide  (CCfe). 

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

An  example  of  a  situation  in  which  such  recomple- 
tion  is  highly  advantageous  is  in  the  implementation 
of  an  enhanced  oil  recovery  process  involving  in- 
jection  of  a  fluid  from  an  injection  well  into  a  permea- 
ble  subterranean  formation  containing  residual  hy- 
drocarbons,  so  as  to  cause  the  hydrocarbons  to  mi- 
grate  to  a  production  well,  with  production  of  the 
hydrocarbons  or  oil  to  the  surface  from  the  produc- 
tion  well.  More  specifically,  after  depletion  by  pri- 
mary  production,  and  even  after  water  flooding,  is 
completed,  it  is  often  advantageous  to  institute  an 
enhanced  oil  recovery  process  involving  injection 
of  CO2  into  injection  wells  and  production  of  dis- 
placed  hydrocarbons  from  production  wells. 

Primary  production  is  often  from  open  hole  com- 
pletions.  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  pro- 
duction,  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  hydrocar- 
bons  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  production  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  be- 
comes  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  ex- 
ample,  involving  injection  of  CO2  into  injection  wells 
and  recovery  of  displaced  oil  from  production  wells. 

the  development  of  such,  an  enhanced  oil  re- 
covery  process,  considerable  savings  of  time,  en- 
ergy,  and  funds  involved  with  drilling  new  wells  can 
be  realized  if  open  hole  well  bores  having  zonal 
breakdown  in  the  locus  of  the  well  bore  can  be  re- 

constituted  so  as  to  isolate  permeable  zones  of  in- 
terest  from  other  permeable  zones  in  the  subterra- 
nean  formation.  This  has  heretofore  not  been  feasi- 
ble,  particularly  when  the  open  zones  were  blasted 

5  with  nitroglycerin  or  other  high  explosives.  Oreatly 
added  expenses  of  drilling  new  patterns  of  new  in- 
jection  wells  were  required. 

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

10  bores  so  as  to  mitigate  sand  production.  It  is  also 
known  to  squeeze  thermosetting  resin  and  particu- 
late  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  prob- 

15  lems.  Specifically,  U.S.  3,929,191  is  exemplary  of  a 
process  wherein  epoxy  resin  or  phenolic  resin  coat- 
ed  sand  grains  are  squeezed  through  perforations 
in  a  casing  into  cavities  in  a  formation,  the  mixture  is 
allowed  to  set  up  into  a  consolidated  permeable  syn- 

20  thetic  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  production. 

A  further  earlier  proposal  described  in  U.S. 
25  3,9  18,522  is  exemplary  of  prior  art  disclosing  isolat- 

ing  formations  by  casing,  cementing,  and  then  per- 
forating  into  the  zone  of  interest. 

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

30  ken  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. 
3,542,132;  U.S.  3,999,608,  U.S.  3,107,727;  U.S. 

35  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  process 
for  recompleting  an  open  hole  well  bore  having  zon- 
al  breakdown  in  the  locus  of  the  well  bore  so  as  to 

40  reconstitute  isolation  of  a  permeable  zone  from  oth- 
er  permeable  zones  in  a  subterranean  formation. 

Viewed  -from  one  aspect  1he  invention  provides  a 
process  for  recompleting  an  open  hole  well  bore 
having  zonal  breakdown  in  the  region  of  the  well 

45  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: 

50  (a)  packing  off  a  region  of  the  open  hole  which  in- 
cludes  the  permeable  zone  to  .be  isolated; 

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

55  (c)  adhering  the  particles  of  the  particulate  mate- 
rial  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 
60  hole  of  greater  diameter  than  the  original  completion 

in  such  a  way  as  to  leave  permeable  synthetic  rock- 
iike  solid  material  in  the  broken  down  zone  whilst  re- 
moving  permeable  material  from  the  region  between 
an  adjacent  non-permeable  isolation  zone  and  the 

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

(f)  injecting  cement  between  the  smaller  diameter 
casing  and  said  opened  out  hole,  and 

(g)  perforating  to  the  permeable  zone  to  be  isolat- 
ed  so  as  to  effect  fluid  communication  between  the 
well  and  such  permeable  zone. 

The  process  of  the  invention  is  particularly  ad- 
vantageous  for  effecting  considerable  savings  by 
recompleting  open  hole  production  wells  for  conver- 
sion  to  injection  wells  for  use  in  fluid  drive  process- 
es. 

Thus,  in  a  preferred  process  in  accordance  with 
the  invention  a  production  well  having  open  hole 
completion  and  having  been  blasted  by  detonation 
of  high  explosives  in  the  well  bore  is  recompleted  as 
an  injection  well  for  injection  of  CO2  into  the  isolat- 
ed  permeable  zone  of  the  formation  in  a  CO2  drive 
process. 

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

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

Figures  1  to  8  illustrate  semi-schematically,  a  cut- 
away  section  of  a  bore  hole  penetrating  a  subterra- 
nean  formation,  wherein  a  shot  open  hole  produc- 
tion  well  is  converted  to  a  cased  and  cemented  well 
bore  for  injection  into  a  specific  permeable  subter- 
ranean  zone  to  the  exclusion  of  other  permeable 
subterranean  zones. 

Figure  1  shows  a  production  well  that  has  been 
completed  open  hole  into  a  subterranean  formation 
and  shot  with  high  explosives  at  a  multiplicity  of 
points  to  enhance  production  from  permeable  sub- 
terranean  zones. 

Figure  2  shows  an  embodiment  of  the  process 
wherein  the  open  hole  interval  has  been  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  permea- 
ble  synthetic  rock-like  mass  in  the  packed  off  inter- 
val,  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,  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 
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  smaller  di- 
ameter  casing  has  been  set,  at  a  stage  near  the  end 

of  the  cementing  procedure  to  cement  the  smaller  di- 
ameter  casing  in  place. 

Figure  8  shows  the  process  after  the  well  has 
been  recompleted  for  injection  of  fluid  into  a  select- 

5  ed  permeable  subterranean  zone. 

Figures  1  through  8  illustrate  stages  in  one  pres- 
ently  preferred  embodiment  of  the  invention  where- 
in  a  shot  open  hole  completion  production  well  is  rec- 

10  ompleted  as  a  cased  hole  injection  well  for  injection 
of  fluids  into  a  selected  permeable  subterranean 
zone.  The  same  numbers  are  used  in  the  various  fig- 
ures  to  refer  to  the  same  items. 

Thus,  referring  to  Figure  1  ,  a  shot  open  hole  com- 
15  pletion  production  well  1,  to  be  recompleted  accord- 

ing  to  a  presently  preferred  mode  of  the  invention, 
is  illustrated.  The  well  bore  has  casing  2  cemented  in 
place  by  cement  3  from  the  surface  to  near  the  pro- 
duction  zones.  From  the  bottom  of  the  cased  hole 

20  completion,  the  well  4  is  completed  open  hole  to 
depth  5  through  overburden  6,  first  permeable  zone 
7,  first  impermeable  zone  8,  second  permeable  zone 
9,  second  impermeable  zone  10,  third  permeable 
zone  11,  and  underburden  12.  Cavities  13,  14,  and  15 

25  have  been  blasted  in  permeable  zone  7,  9  and  1  1  by 
means  of  high  explosives  to  enhance  the  rate  of 
production  from  the  permeable  zones.  The  material 
from  the  cavities  has  been  circulated  out  of  the  well. 

Referring  to  Figure  2,  a  tubing  string  16  having 
30  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  injected 

35  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  Figure  3,  the  coated 
coarse  sand  21  has  set  up  to  a  solid  permeable  syn- 

40  thetic  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  ma- 

45  terial  21  .  Packer  1  9  has  also  been  removed,  and  drill 
string  22  having  cutter  head  23  guidable  by  nose 
piece  24  (shown  in  semischematic  fashion)  has  been 
emplaced. 

At  the  stage  shown  in  Figure  4,  drill  string  22  has 
50  been  employed  to  power  cutter  head  23  guided  by 

nose  piece  24  downward  through  the  consolidated 
permeable  rock-like  mass  21  guided  and  centralized 
in  the  bore  hole  by  aluminum  tail  piece  18  such  as  to 
remove  consolidated  permeable  rock-like  mass  21, 

55  break-away  section  17,  aluminum  tail  piece  18,  and 
centralizing  spider  20  out  of  the  bore  hole  by  circu- 
lation.  Consolidated  permeable  synthetic  rock-like 
material  21  remains  in  the  open  hole  completion  por- 
tion  of  the  bore  hole  only  in  cavities  13,  14,  and  15 

60  and  in  a  thin  sheath  25  around  the  bore  hole  4. 
Figure  5  illustrates  a  later  stage  in  the  process 

wherein  the  drill  string  22  and  cutting  head  23  have 
been  removed,  and  reaming  head  26  has  been  in- 
serted  and  expanded  radially  below  the  cased  por- 

65  tion  of  the  well,  ready  to  cut  downward  so  as  to  re- 

3 
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move  the  sheath  25  of  the  consolidated  permeable 
rock-like  material  21  and  to  cut  a  fresh  face  on  the 
bore  hole  as  it  is  powered  in  rotation  downward. 

Figure  6  shows  the  stage  in  the  process  wherein 
the  reaming  head  26  has  been  powered  and  rotated 
downward  by  means  of  drill  siring  22  such  as  to  cut 
the  sheath  25  of  consolidated  permeable  rock-like 
material  from  around  the  well  bore,  and  to  cut  a 
fresh  face  on  the  bore  hole  particularly  in  non-per- 
meable  zones  8  and  10,  while  leaving  consolidated 
rock-like  permeable  material  21  in  cavities  13,  14, 
and  15.  Cuttings  are  circulated  out  of  the  well  bore. 

As  illustrated  in  Figure  7,  reaming  head  26  has 
been  contracted  and  removed  from  the  well  bore  by 
means  of  drill  string  22.  Smaller  diameter  casing  27 
has  been  lowered  into  the  well  bore  and  is  being  ce- 
mented  in  place  by  means  of  cement  30  being  forced 
down  the  interior  of  the  smaller  diameter  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  of  the  casing  27  and  is  al- 
lowed  to  set  up.  Mud  28  is  circulated  from  the  interi- 
or  of  the  casing,  and  the  wiper  plug  29  can  be  re- 
moved  if  desired.  It  should  be  noted  that  the  ce- 
ment,  upon  setting,  forms  a  fluid  tight  seal  between 
file  smaller  diameter  casing  27  and  the  face  of  the 
formations  7,  8,  9,  10,  11,  and  12.  The  cement  abuts 
consolidated  permeable  rock-like  material  in  cavi- 
ties  13,  14,  and  15. 

Prior  to  the  stage  illustrated  in  Figure  8,  perfora- 
tions  32  are  made  from  the  interior  of  casing  27 
through  casing  27  and  cement  sheath  31  A  into  the 
consolidated  permeable  rock-like  material  filling 
cavity  14,  so  as  to  establish  fluid  communication  be- 
tween  the  interior  of  casing  27  and  permeable  rock- 
like  material  21  in  cavity  14  within  permeable  subter- 
ranean  formation  9,  the  fluid  being  isolated  from 
permeable  formations  7  and  1  1  by  means  of  imper- 
meable  formations  8  and  10  and  impermeable  sheath 
31. 

As  shown  in  Figure  8,  tubing  string  33  is  set  with- 
in  casing  27,  including  packer  34  forming  annulus 
35.  Fluid  communication  is  thus  effected  selectively 
with  permeable  subterranean  zone  9;  from  the  sur- 
face  down  tubing  string  33  and  through  perfora- 
tions  32  and  permeable  rock-like  material  in  cavity 
14.  Fluid  communication  with  permeable  zones  7  and 
1  1  is  excluded  by  impermeable  zones  8  and  1  0  and  im- 
permeable  cement  sheath  31. 

The  blasted  former  open  hole  completion  produc- 
tion  well  is  thus  converted  to  a  cased  injection  well 
having  fluid  communication  only  with  the  desired 
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  es- 
tablishrnent  of  fluid  communication  between  a  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  impermeability  of  zones 
there-between  near  a  well  bore. 

The  foregoing  is  effected  by  packing  off  the 
open  hole  interval  including  the  permeable  zone  to 

5  be  isolated  and  including  an  impermeable  subterra- 
nean  zone  separating  the  permeable  zone  to  be  iso- 
lated  from  other  permeable  subterranean  zones. 
Conventional  oil  field  packers  of  various  types  can 
be  employed.  Packing  procedures  and  equipment 

10  are  well  known  in  the  oil  industry  and  in  the  oil  field 
service  industry. 

Thereupon,  a  particulate  material  is  placed  in  the 
packed  off  interval  and  broken  down  zone;  and  the 
particulates  of  the  particulate  material  are  adhered 

15  together  with  an  adhesive  to  consolidate  the  partic- 
ulates  and  to  form  a  permeable  synthetic  rock  like 
material.  In  accordance  with  one  presently  pre- 
ferred  mode,  the  particulates  are  coated  with  a  sol- 
id,  fusible  resin  which  is  partially  cured.  The  resin 

20  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  particulates 
are  placed  at  the  desired  sit,  and  the  adhesive, 
such  as  a  phenolic  resin  or  an  epoxy  resin  (or  pre- 

25  cursors  •thereof)  is  emplaced  within  the  particulate 
material  mass  by  injecting  a  slug  of  the  adhesive  or 
precursors  followed  by  a  pusher  slug.  Such  meth- 
ods  are  also  well  known  to  the  industry,  and  are 
commerically  available.  By  whichever  mode  that  is 

30  used,  the  particles  are  adhered  together  to  form  a 
permeable  synthetic  rock-like  mass  in  the  packed 
off  interval  and  extending  into  broken  down  zones 
to  reconstitute  permeable  subterranean  zones. 

Thereupon,  the  synthetic  permeable  rock-like 
35  mass  is  drilled  and/or  reamed  out  to  a  greater  diame- 

ter  than  the  original  completion  so  as  to  leave  the 
permeable  synthetic  rock-like  material  in  the  broken 
down  permeable  zone,  thus  reconstituting  the  per- 
meable  zone,  but  not  adjacent  to  a  nonpermeable 

40  isolation  zone  adjacent  to  the  permeable  zone  to  be 
isolated.  Usually,  a  number  of  permeable  zones  will 
exist  in  subterranean  formations  which  are  separat- 
ed  by  nonpermeable  zones  in  the  formations.  This  is 
often  true  for  production  wells  after  primary  pro- 

45  duction  from  formations  having  relatively  thin  pro- 
duction  zones  wherein  open  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 

50  separated  by  a  plurality  or  multiplicity  of  nonpermea- 
ble  .zones  may  be  present,  and  often  is,  depending 
upon  the  particular  reservoir  to  be  operated  upon. 

One  preferred  method  of  drilling  and  reaming  out 
the  open  hole  interval  involves  using  an  aluminum 

55  tail  pipe  to  emplace  the  particulates  prior  to  setting 
up  to  form  the  permeable  synthetic  rock-like  materi- 
al,  shearing  the  tubing  string  so  as  to  leave  the  alu- 
minum  tail  pipe  in  place  in  the  set  permeable  material, 
and  then  employing  a  drill  with  a  guiding  nose  piece 

60  so  as  to  center  the  drill  and  reaming  operation  so  as 
to  more  precisely  remove  the  set  permeable  materi- 
al,  with  centering  on  the  voriginal  bore  hole.  Such 
drilling  and/or  reaming  techniques  are  well  known  to 
those  skilled  in  the  art,  and  are  well  known  in  the  pe- 

65  trofeum  and  oil  service  industries. 
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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  re- 
moved  by  an  acid  treatment  or  the  like. 

After  the  drilling  and/or  reaming  operation  de-  5 
scribed  hereinabove  is  completed,  a  casing  is  set 
over  the  open  hole  interval.  The  casing  is  then  ce- 
mented  in  place.  Ordinary  casing  setting  and  ce- 
menting  procedures,  which  are  well  known  and  prac- 
ticed  in  the  oil  and  oil  service  industries,  are  em-  10 
ployed.  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  cir- 
culated  out  of  the  well  bore  within  the  casing  after 
setting  of  the  cement  by  means  of  a  tubing  string  or  15 
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  casing 
and  setup  cement  sheath  by  means  of  a  convention-  20 
al  perforating  technique,  for  example,  with  a  con- 
ventional  perforating  gun,  by  means  of  a  high  tem- 
perature  jet,  or  by  means  of  a  high  pressure  jet  of 
abrasive.  Such  techniques  are  also  widely  prac- 
ticed  and  are  well  known.  25 

Of  course,  a  plurality  of  multiplicity  of  such  per- 
forating  can  be  effected  to  open  a  plurality  or  multi- 
plicity  of  zones  if  desired. 

Upon  perforation  to  establish  fluid  communication 
between  the  target  permeable  zone  or  zones  and  30 
the  well  bore,  the  open  well  bore  has  been  recom- 
pleted  to  a  closed  well  bore,  and  is  suitable  for  pre- 
cise  injection  of  a  fluid  into  the  desired  subterrane- 
an  horizon.  A  presently  preferred  application  of  the 
process  is  for  recompletion  of  production  wells  to  35 
injection  wells  in  a  CO2  injection  enhanced  oil  recov- 
ery  project.  The  CO2  is  injected  into  primarily  de- 
pleted,  but  substantial  hydrocarbon  or  oil-contain- 
ing  formations  to  mobilize  the  oil  and  move  the  oil  to 
production  wells  for  production  to  the  surface  and  40 
utilization. 

The  term  particulates  is  used  herein.  This  can  in- 
clude  any  solid  material  having  sufficient  structural 
and  chemical  integrity  to  form  the  permeable  consoli- 
dated  synthetic  rock-like  material  that  is  not  deterio-  45 
rated  by  the  reservoir  environment.  Ordinarily,  ma- 
terials  such  as  course  sand,  pea  gravel,  and  other 
graded  small  gravel  of  quartz  or  other  rock  derived 
materials  are  employed  because  of  abundance  and 
low  cost.  It  is  also  within  the  scope  of  the  invention  50 
to  employ  other  particulates  that  have  resistance  to 
adverse  conditions,  such  as  carbon  particles,  alu- 
mina  particles,  glass  beads,  ceramic  particles,  and 
the  like.  Other  thermosetting  resins  besides  epoxy 
resins  and  phenolic  resins  can  also  be  employed,  55 
and  inorganic  adhesives  or  cements  can  also  be  em- 
ployed  so  long  as  sufficient  consolidation  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  adhe-  60 
sives  have  resistance  to  deterioration  in  the  reser- 
voir. 

Claims 

1.  A  process  for  recompleting  an  open  hole  well 
bore  (1  )  having  zonal  breakdown  in  the  region  of  the 
well  bore  (4)  in  such  a  way  as  to  reconstitute  isola- 
tion  of  one  permeable  zone  (9)  from  other  permeable 
zones  (7,  11)  in  a  subterranean  formation,  such 
process  comprising: 

(a)  packing  off  a  region  of  the  open  hole  which  in- 
cludes  the  permeable  zone  to  be  isolated; 
(b)  emplacing  a  particulate  material  in  said  region, 
such  material  extending  into  a  broken  down  zone 
(13,  14,  15)  therein; 
(c)  adhering  the  particles  of  the  particulate  mate- 
rial  together  with  an  adhesive  to  consolidate  the 
particles  and  to  form  a  permeable  synthetic  rock- 
like  solid  material  (21); 
(d)  removing  material  from  said  region  to  form  a 
hole  of  greater  diameter  than  the  original  comple- 
tion  in  such  a  way  as  to  leave  permeable  synthet- 
ic  rock-like  solid  material  in  the  broken  down  zone 
whilst  removing  permeable  material  from  the  re- 
gion  between  an  adjacent  non-permeable  isolation 
zone  and  the  opened  out  hole; 
(e)  setting  a  smaller  diameter  casing  (27)  over  the 
open  hole  region; 
(f)  injecting  cement  (30)  between  the  smaller  diam- 
eter  casing  and  said  opened  out  hole,  and 
(g)  perforating  to  the  permeable  zone  to  be  isolat- 
ed  so  as  to  effect  fluid  communication  between 
the  well  and  such  permeable  zone. 
2.  A  process  as  claimed  in  claim  1  wherein  a  pro- 

duction  well  (1  )  is  recompleted  as  an  injection  well  for 
injection  of  CO2  into  the  isolated  permeable  zone  (9) 
of  the  formation  in  an  enhanced  oil  recovery  proc- 
ess. 

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

4.  A  process  as  claimed  in  claim  3  wherein  sand 
or  gravel  particles  coated  with  a  partially  cured 
thermosetting  resin  and  slurried  into  the  packed  off 
interval  and  the  broken  down  zone  and  allowed  to 
cure  by  means  of  heat  from  the  formation  in  the 
packed  off  interval  and  broken  down  zone  to  form 
the  permeable  synthetic  rock-like  solid  material 
therein. 

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. 

Patentanspruche 

1.  Verfahren  zum  Wiederausriisten  eines  offe- 
nen  Bohrlochs  (1),  das  einen  zonenformigen  Ab- 
bruch  im  Bereich  des  Bohrlochs  (4)  derart  hat,  dal3 
eine  Isolation  einer  permeablen  Zone  (9)  von  ande- 
ren  permeablen  Zonen  (7,  11)  bei  einer  Untergrunds- 
formation  wieder  herzustellen  ist,  wobei  das  Ver- 
fahren  aufweist: 

(a)  Abtragen  eines  Bereiches  des  offenen 
Lochs,  der  die  zu  isolierende  permeable  Zone  ent- 
halt, 

5 
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(d)  fcinbringen  eines  teiichenformigen  Materials 
in  den  Bereich,  wobei  dieses  Material  sich  in  eine 
Abbruchzone  (13,  14,  15)  hineinerstreckt, 
(c)  haftendes  Verbinden  der  Teilchen  des  teii- 
chenformigen  Materials  zusammen  mit  einem  Kie- 
ber,  urn  die  Teilchen  zu  verfestigen  und  ein  per- 
meables,  synthetisches,  gesteinsahnliches  Stoff- 
material  (21)  zu  bilden, 
(d)  Entfernen  des  Materials  von  dem  Bereich,  um 
ein  Loch  mit  einem  groBeren  Durchmesser  ais 
beim  ursprunglichen  Einbringen  derart  zu  bilden, 
daB  permeables,  synthetisches,  gesteinsahnli- 
ches  Feststoffmaterial  in  der  Abbruchzone  zu- 
ruckbleibt,  wahrend  das  permeable  Material  von 
dem  Bereich  zwischen  einer  benachbarten,  nicht- 
permeablen  teolationszone  und  dem  aufgebohr- 
ten  Loch  abgetragen  wird, 
(e)  Setzen  eines  durchmesserkleinen  Gehause 
(27)  uber  den  offenen  Lochbereich, 
(f)  Einspritzen  von  Zement  (30)  zwischen  das 
durchmesserkleinere  Gehause  und  dem  aufge- 
bohrten  Loch,  und 
(g)  Perforieren  der  zu  isolierenden  permeablen 
Zone  derart,  daB  eine  Fluidverbindung  zwischen 
dem  Bohrloch  und  dieser  permeablen  Zone  her- 
gerstelltwird. 
2.  VeTfahren  nach  Anspruch  1  ,  bei  dem  ein  Pro- 

duktionsbohrloch  (1)  als  ein  Spritzbohrloch  zum  Ein- 
spritzen  von  CO2  in  die  isolierte  permeable  Zone  (9) 
der  Formation  bei  einem  Olgewinnungsverfahren 
wiederausgerustet  wird. 

3.  Verfahren  nach  Anspruch  1  oder  2,  bei  dem 
das  teilchenformige  Material  Sand  und/oder  Schot- 
ter  ist,  und  bei  dem  der  Kleber  einen  hochfesten 
warmehartbaren  Harz  aufweist. 

4.  Verfahren  nach  Anspruch  3,  bei  dem  die  Sand- 
oder  Schotterteilchen,  die  mit  einem  teilweise  gehar- 

teten,  warmehartbaren  Harz  beschichtet  sind,  in 
Form  eines  Breis  in  das  abgetragene  Intervall  und 
die  Abbruchzone  eingebracht  wird  und  diese  mit  Hil- 
fe  der  Warme  von  der  Formation  in  dem  ausge- 
brachten  Jntervall  und  der  Abbnichzone  ausharten 
gelassen  wird,  um  darin  das  permeable,  synthe- 
tische,  gesteinsahnliche  Feststoffmaterial  zu  bil- 
den. 

5.  Verfahren  nach  Anspruch  4,  be?  dem  das  syn- 
thetische,  gesteinsahnliche  Feststoffmaterial  von 
Sand  und/oder  Schotter  gebildet  wird,  die  mit  einem 
teilweise  geharteten  Epoxyharz  oder  einem  teilweise 
geharteten  Phenolharz  beschichtet  sind. 

RevencHcatfon  s  

1.  Procede  pour  le  reequipement  d'un  puits  de  fo- 
rage  ouvert  (1),  presentant  des  zones  detruites 
dans  la  region  du  puits  (4),  afin  de  reconstituer  Iso- 
lation  d'une  zone  permeable  (9)  a  partir  d'autres  zo- 
nes  permeables  (7,  11)  dans  une  formation  souterrai- 
ne,  caracterise  en  ce  qu'il  comprend  les  etapes  sui- 
vantes: 

a)  debiaiement  d'une  region  de  puits  ouvert  com- 
prenant  lazone  permeable  a  isoler, 
b)  mise  en  place  d'un  materiau  particulaire  dans 
iadite  region,  ce  materiau  s'etendant  a  I'interieur 
d'une  zone  detruite  (13,  14,  15), 

c)  mise  en  adherence  des  particules  du  materiau 
particulaire  avec  un  adhesif  pour  consolider  les 
particules  et  pour  former  un  materiau  solide  (21) 
synthetique  permeable  et  semblable  a  un  rocher, 

5  d)  enlevement  de  matiere  de  Iadite  region  pour 
former  un  trou  de  diametre  superieur  a  celui  de 
I'equipement  d'origine  afin  de  laisser  du  materiau 
solide  synthetique  permeable  semblable  a  un  ro- 
cher  dans  la  zone  detruite  tout  en  enlevant  du  ma- 

10  teriau  permeable  depuis  la  region  entre  une  zone 
d'isolation  non  permeable  adjacente  et  le  trou 
ouvert, 
e)  installation  d'un  boitier  (27)  de  diametre  plus  pe- 
tit  au-dessus  de  la  region  d'ouverture  du  puits, 

15  f)  injection  de  ciment  (30)  entre  le  boitier  de  plus 
petit  diametre  et  ledit  trou  ouvert,  et, 
g)  perforation  de  la  zone  permeable  a  isoler  de 
maniere  a  etablir  une  communication  de  fluide  en- 
tre  le  puits  et  cette  zone  permeable. 

20  2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  qu'un  puits  (1)  de  production  est  reequipe  com- 
me  puits  d'injection,  par  injection  de  CO2  dans  la  zo- 
ne  (9)  permeable  isolee  de  la  formation  dans  un  pro- 
cede  de  recuperation  d'huile. 

25  3.  Procede  selon  la  revendication  1  ou  2,  caracte- 
rise  en  ce  que  le  materiau  particulaire  est  du  sable 
et/ou  du  gravier,  et  1'adhesif  est  constitue  d'une  re- 
sine  thermodurcissable  a  haute  resistance. 

4.  Procede  selon  la  revendication  3,  caracterise 
30  en  ce  que  les  particules  de  sable  ou  de  gravier  re- 

vetues  d'une  resine  thermodurcissable  partielle- 
ment  durcie  sont  introduites  sous  forme  de  boue 
dans  Pintervalle  ayant  subi  le  debiaiement  et  dans  la 
zone  detruite,  et  sont  durcies  par  la  chaleur  a  partir 

35  de  la  formation  dans  I'intervalle  deblaye  et  la  zone 
detruite  pour  y  former  la  matiere  solide  synthetique 
permeable  similaire  a  un  rocher. 

5.  Procede  selon  la  revendication  4,  caracterise 
en  ce  que  le  materiau  solide  synthetique  similaire  a 

40  un  rocher  est  forme  a  partir  de  sable  et/ou  de  gra- 
vier  revetu  d'une  resine  epoxy  partiellelement  dur- 
ciaou  stfuneTesine  phenolrque  partieitementdarcie. 
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