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(54)  Method  of  forming  a  wellbore  junction 
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(57)  A  method  of  forming  a  wellbore  junction,  the 
method  comprising  the  steps  of:  drilling  a  first  wellbore 
(12)  intersecting  a  subterranean  formation;  drilling  a 
second  wellbore  (18)  intersecting  the  first  wellbore  (12) 
and  the  formation;  and  forcing  a  stabilizing  material  into 
the  formation  surrounding  the  intersection  of  the  first 
and  second  wellbores. 
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Description 

[0001]  The  present  invention  relates  generally  to  op- 
erations  performed  in  conjunction  with  subterranean 
wells,  and  more  particularly  provides  apparatus  and  s 
methods  for  achieving  a  lateral  wellbore  connection. 
[0002]  Where  it  is  desired  to  drill  a  lateral  wellbore 
from  a  parent  wellbore,  it  is  common  practice  to  position 
a  whipstock  in  casing  lining  the  parent  wellbore,  and 
then  mill  a  window  through  the  casing.  The  lateral  well-  10 
bore  may  then  be  drilled  outward  from  the  parent  well- 
bore  by  passing  drill  bits  through  the  window.  Unfortu- 
nately,  these  operations  are  usually  very  time-consum- 
ing  and,  therefore,  very  expensive  to  perform. 
[0003]  It  would  be  advantageous  to  provide  an  exit  15 
joint  made  of  a  drillable  material  in  the  parent  wellbore 
casing  string,  so  that  the  time  involved  in  milling  through 
the  casing  would  be  virtually  eliminated.  For  operational 
efficiency  and  structural  integrity  of  the  lateral  wellbore 
connection,  it  would  be  desirable  for  the  exit  joint  to  be  20 
configured  as  a  cementing  shoe  or  other  portion  of  a 
typical  casing  string. 
[0004]  Since  passage  of  tools,  tubular  members  and 
other  equipment  from  the  parent  wellbore  to  the  lateral 
wellbore  generally  requires  some  rotational  orientation,  25 
it  would  also  be  advantageous  to  provide  apparatus 
which  reduces  the  time  required  to  rotationally  orient 
items  of  equipment  in  the  well.  For  example,  one  deflec- 
tion  device  may  be  used  to  guide  a  drill  bit  to  cut  through 
the  casing  string,  and  thereafter  another  deflection  de-  30 
vice  may  be  used  to  guide  other  equipment  from  the  par- 
ent  wellbore  to  the  lateral  wellbore.  The  second  deflec- 
tion  device  could  be  rotationally  oriented  using  the  rota- 
tional  orientation  of  the  first  deflection  device. 
[0005]  It  would  also  be  advantageous  to  provide  35 
methods  of  modifying  properties  of  formations  or  sub- 
terranean  strata  surrounding  lateral  wellbore  junctions, 
or  otherwise  stabilizing  the  lateral  wellbore  junctions.  In 
this  manner,  lateral  wellbore  connections  which  do  not 
include  materials  which  must  be  milled  through  to  form  40 
lateral  wellbores  may  nevertheless  be  stabilized.  Such 
stabilized  formations  might  have  reduced  permeability, 
increased  fracture  gradient  and  leak-off  pressures,  in- 
creased  tensile  and  compressive  strength,  increased 
ductility,  and/or  otherwise  modified  properties.  45 
[0006]  Accordingly,  it  is  an  object  of  the  present  inven- 
tion  to  provide  a  lateral  wellbore  connection  which  does 
not  require  time-consuming  milling  operations,  and 
which  does  not  require  repetitive  downhole  rotational 
orientation  of  items  of  equipment  used  therein.  It  is  an-  so 
other  object  of  the  present  invention  to  provide  methods 
of  stabilizing  formations  intersected  by  wellbore  junc- 
tions,  or  otherwise  modifying  properties  of  subterranean 
strata  surrounding  wellbore  connections. 
[0007]  In  carrying  out  the  principles  of  the  present  in-  55 
vention,  in  accordance  with  an  embodiment  thereof,  a 
lateral  wellbore  connection  is  provided  which  is  efficient 
and  economical  in  its  construction  and  operation.  Appa- 

ratus  and  methods  provided  by  the  present  invention 
provide  well  bore  junctions  which  are  stabilized  without 
the  need  for  using  non-drillable  materials. 
[0008]  In  broad  terms,  the  invention  encompasses 
apparatus  and  methods  for  achieving  a  lateral  wellbore 
connection.  In  one  embodiment  of  the  present  invention, 
a  material  is  disposed  within  a  radially  enlarged  portion 
of  a  first  wellbore  and  permitted  to  harden  therein.  The 
material  is  then  drilled  through  to  form  a  wellbore  junc- 
tion.  In  one  aspect  of  the  present  invention,  the  material 
may  be  forced  into  pores  of  a  formation  or  subterranean 
strata  surrounding  the  well  bore  junction.  The  material 
may  be  forced  therein  before  or  after  a  second  wellbore 
is  drilled  intersecting  the  first  wellbore. 
[0009]  In  another  aspect  of  the  present  invention,  the 
material  may  be  a  hardenable  epoxy  composition  hav- 
ing  flexibility  upon  hardening,  such  as  an  epoxide  con- 
taining  liquid  selected  from  the  group  of  diglycidyl  ethers 
of  1  ,4-butanediol,  neopentyl  glycol  and  cyclohexane 
dimethanol,  and  a  hardening  agent  selected  from  the 
group  of  aliphatic  amines  and  carboxylic  acid  anhy- 
drides.  The  composition  is  forced  into  a  subterranean 
stratum  by  way  of  a  wellbore  penetrating  it  and  by  way 
of  the  porosity  of  the  stratum.  The  epoxy  composition  is 
then  allowed  to  harden  in  the  stratum. 
[0010]  Upon  hardening,  the  resulting  flexible  epoxy 
composition  reduces  the  permeability  of  the  stratum  and 
increases  its  resistance  to  shear  failure  adjacent  to  the 
wellbore  whereby  the  fracture  gradient  of  the  stratum  is 
appreciably  increased. 
[0011]  According  to  one  aspect  of  the  invention  there 
is  provided  a  method  of  forming  a  wellbore  junction,  the 
method  comprising  the  steps  of:  drilling  a  first  wellbore 
intersecting  a  subterranean  formation;  drilling  a  second 
wellbore  intersecting  the  first  wellbore  and  the  forma- 
tion;  and  forcing  a  stabilizing  material  into  the  formation 
surrounding  the  intersection  of  the  first  and  second  well- 
bores. 
[0012]  The  forcing  step  may  be  performed  before  or 
after  the  step  of  drilling  the  second  wellbore. 
[0013]  The  method  may  further  comprise  the  step  of 
preparing  the  stabilizing  material  as  a  hardenable  epoxy 
composition  having  a  viscosity  at  25°C  in  the  range  of 
from  about  1  0  to  about  1  00  centipoises  and  having  flex- 
ibility  upon  hardening,  and  comprising  an  epoxide  con- 
taining  liquid  and  a  hardening  agent.  The  forcing  step 
may  further  comprise  forcing  the  epoxy  composition  into 
the  formation  by  way  of  at  least  one  of  the  first  and  sec- 
ond  wellbores,  and  further  comprising  the  step  of  allow- 
ing  the  epoxy  composition  to  harden  in  the  formation. 
[0014]  The  epoxide  containing  liquid  may  be  selected 
from  the  group  of  diglycidyl  ethers  of  1  ,4-butanediol,  ne- 
opentyl  glycol  and  cyclohexane  dimethanol. 
[001  5]  The  hardening  agent  may  be  selected  from  the 
group  of  aliphatic  amines,  aromatic  amines  and  anhy- 
drides.  More  specifically,  the  hardening  agent  may  be 
selected  from  the  group  of  triethylenetetramine,  ethyl- 
ene  diamine,  N-cocoalkyltrimethylene  diamine  and  iso- 
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phorone  diamine  and  may  be  present  in  the  composition 
in  an  amount  in  the  range  of  from  about  15%  to  about 
31%  by  weight  of  the  epoxide  containing  liquid  in  the 
composition. 
[0016]  Preferably  the  hardening  agent  is  isophorone 
present  in  the  composition  in  an  amount  of  about  25% 
by  weight  of  the  epoxide  containing  liquid  in  the  compo- 
sition. 
[0017]  The  epoxy  composition  may  further  comprise 
a  filler  selected  from  the  group  consisting  of  crystalline 
silicas,  amorphous  silicas,  clays,  calcium  carbonate  and 
barite. 
[0018]  According  to  another  aspect  of  the  invention 
there  is  provided  a  method  of  modifying  properties  of  a 
subterranean  stratum  surrounding  a  wellbore  junction, 
the  method  comprising  the  steps  of:  forcing  a  material 
into  the  stratum  surrounding  the  wellbore  junction;  and 
permitting  the  material  to  harden  within  pores  of  the  stra- 
tum. 
[0019]  The  method  may  further  comprise  the  step  of 
forming  the  junction  by  drilling  a  second  wellbore  inter- 
secting  a  first  wellbore,  and  the  forcing  step  may  be  per- 
formed  prior  to,  or  after,  drilling  the  second  wellbore. 
[0020]  The  method  may  further  comprise  the  step  of 
preparing  the  material  as  a  hardenable  epoxy  resin 
composition  having  a  viscosity  at  25°C  in  the  range  of 
from  about  90  to  about  1  20  centipoises  and  having  flex- 
ibility  upon  hardening,  and  comprising  an  epoxy  resin 
selected  from  the  condensation  products  of  epichloro- 
hydrin  and  bisphenol  A,  an  epoxide  containing  liquid  and 
a  hardening  agent. 
[0021]  The  epoxy  resin  may  have  a  molecular  weight 
of  340  and  a  one  gram  equivalent  of  epoxide  per  about 
1  80  to  about  1  95  grams  of  resin. 
[0022]  The  method  may  further  comprise  the  step  of 
dispersing  the  hardenable  epoxy  resin  composition  in 
an  aqueous  carrier  liquid. 
[0023]  The  epoxide  containing  liquid  may  be  selected 
from  the  group  of  diglycidyl  ethers  of  1  ,4-butanediol,  ne- 
opentyl  glycol  and  cyclohexane  dimethanol  and  is 
present  in  the  composition  in  an  amount  in  the  range  of 
from  about  15%  to  about  40%,  for  example  25%,  by 
weight  of  the  epoxy  resin  in  the  composition. 
[0024]  The  epoxide  containing  liquid  may  have  a  mo- 
lecular  weight  in  the  range  of  from  about  200  to  about 
260  and  a  one  gram  equivalent  of  epoxide  per  about 
120  to  about  165  grams  of  the  liquid. 
[0025]  The  hardening  agent  may  be  selected  from  the 
group  of  ethylene  diamine,  N-cocoalkyltrimethylene  di- 
amine  and  isophorone  diamine. 
[0026]  The  hardening  agent  may  be  present  in  the 
composition  in  an  amount  in  the  range  of  from  about  5% 
to  about  25%  by  weight  of  the  composition. 
[0027]  The  hardening  agent  may  be  isophorone  di- 
amine  and  may  be  present  in  the  composition  in  an 
amount  of  about  20%  by  weight  of  the  composition. 
[0028]  The  epoxy  resin  composition  may  further  com- 
prise  a  filler  selected  from  the  group  consisting  of  crys- 

talline  silicas,  amorphous  silicas,  clays,  calcium  carbon- 
ate  and  barite. 
[0029]  The  filler  may  be  present  in  the  composition  in 
an  amount  in  the  range  of  from  about  1  5%  to  about  30% 

5  by  weight  of  the  composition. 
[0030]  According  to  another  aspect  of  the  invention 
there  is  provided  a  method  of  modifying  properties  of  a 
formation  surrounding  a  wellbore  junction,  the  method 
comprising  the  steps  of:  preparing  a  hardenable  epoxy 

10  resin  composition  having  a  viscosity  at  25°C  in  the  range 
of  from  about  90  to  about  120  centipoises  and  having 
flexibility  upon  hardening  comprising  an  epoxy  resin  se- 
lected  from  the  condensation  products  of  epichlorohy- 
drin  and  bisphenol  A,  an  epoxide  containing  liquid  se- 

15  lected  from  the  group  of  diglycidyl  ethers  of  1  ,4-butane- 
diol,  neopentyl  glycol  and  cyclohexane  dimethanol 
present  in  the  composition  in  an  amount  in  the  range  of 
from  about  15%  to  about  40%  by  weight  of  the  epoxy 
resin  in  the  composition  and  a  hardening  agent  selected 

20  from  the  group  of  ethylenediamine,  N-cocoalkyltrimeth- 
ylene  diamine  and  isophorone  diamine  present  in  the 
composition  in  an  amount  in  the  range  of  from  about  5% 
to  about  25%  by  weight  on  the  composition;  forcing  the 
epoxy  resin  composition  into  the  formation  by  way  of  at 

25  least  one  wellbore  intersecting  at  the  wellbore  junction 
and  by  way  of  the  porosity  of  the  formation;  and  allowing 
the  epoxy  resin  composition  to  harden  in  the  formation. 
[0031]  The  method  may  further  comprise  the  step  of 
dispersing  the  hardenable  epoxy  resin  composition  in 

30  an  aqueous  carrier  liquid. 
[0032]  The  epoxy  resin  composition  may  further  com- 
prise  a  filler  selected  from  the  group  consisting  of  crys- 
talline  silicas,  amorphous  silicas,  clays,  calcium  carbon- 
ate  and  barite. 

35  [0033]  According  to  another  aspect  of  the  invention 
there  is  provided  a  method  of  stabilizing  a  subterranean 
formation,  the  method  comprising  the  steps  of:  drilling 
a  first  wellbore  into  the  formation;  positioning  a  tubular 
string  in  the  first  wellbore;  flowing  a  stabilizing  material 

40  into  an  annulus  formed  between  the  tubular  string  and 
the  first  well  bore;  permitting  the  stabilizing  material  to 
harden;  and  drilling  through  a  sidewall  of  the  tubular 
string  and  the  hardened  stabilizing  material,  thereby 
forming  a  second  wellbore  intersecting  the  first  wellbore. 

45  [0034]  The  method  may  further  comprise  the  steps  of 
forcing  the  stabilizing  material  outwardly  into  the  forma- 
tion  surrounding  the  first  wellbore,  and  permitting  the 
stabilizing  material  to  harden  within  the  formation. 
[0035]  The  forcing  step  may  be  performed  before  the 

so  step  of  drilling  through  the  tubular  string  sidewall. 
[0036]  The  stabilizing  material  may  be  a  hardenable 
epoxy  composition. 
[0037]  Reference  is  now  made  to  the  accompanying 
drawings,  in  which: 

55 
FIG.  1  is  a  schematic  cross-sectional  view  of  a  first 
embodiment  of  an  apparatus  and  method  of  drilling 
a  subterranean  well  according  to  the  invention,  in  i- 
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tial  steps  of  the  method  having  been  performed. 
FIG.  2  is  a  schematic  cross-sectional  view  of  a  sec- 
ond  embodiment  of  an  apparatus  according  to  the 
present  invention,  and  in  which  further  steps  of  the 
first  method  have  been  performed. 
FIG.  3  is  a  schematic  cross-sectional  view  of  the 
first  embodiment  in  which  optional  steps  in  drilling 
a  lateral  wellbore  are  performed; 
FIG.  4  is  a  schematic  cross-sectional  view  of  the 
first  embodiment  in  which  optional  steps  in  drilling 
a  parent  well  bore  are  performed; 
FIG.  5  is  a  schematic  cross-sectional  view  of  a  third 
embodiment  of  an  apparatus  according  to  the 
present  invention;  and 
FIG.  6  is  a  schematic  cross-sectional  view  of  a 
fourth  embodiment  of  an  apparatus  and  second  em- 
bodiment  of  a  method  for  drilling  a  subterranean 
well  according  to  the  present  invention,  initial  steps 
of  the  method  having  been  performed. 

[0038]  Representatively  and  schematically  illustrated 
in  FIG.  1  is  a  method  10  which  embodies  principles  of 
the  present  invention.  In  the  following  description  of  the 
method  1  0  and  other  methods  and  apparatus  described 
herein,  directional  terms,  such  as  "above",  "below",  "up- 
per",  "lower",  etc.,  are  used  for  convenience  in  referring 
to  the  accompanying  drawings.  Additionally,  it  is  to  be 
understood  that  the  various  embodiments  of  the  present 
invention  described  herein  may  be  utilized  in  various  ori- 
entations,  such  as  inclined,  inverted,  horizontal,  vertical, 
etc.  ,  without  departing  from  the  principles  of  the  present 
invention. 
[0039]  As  depicted  in  FIG.  1  ,  initial  steps  of  the  meth- 
od  10  have  been  performed.  A  parent  wellbore  12  has 
been  drilled  to  a  depth  at  which  it  is  desired  to  install  a 
string  of  casing  14.  The  method  10  advantageously  us- 
es  a  specially  configured  cementing  shoe  16  as  a  part 
of  the  casing  string  14.  The  cementing  shoe  16  may  be 
threadedly  or  otherwise  attached  to  the  remainder  of  the 
casing  string  14  and  is  sealingly  attached  thereto. 
[0040]  The  cementing  shoe  16  is  also  configured  for 
use  as  an  exit  joint  for  drilling  a  lateral  wellbore  1  8  (see 
FIG.  2).  For  this  purpose,  the  cementing  shoe  16  is 
made  of  one  or  more  drillable  materials.  For  example, 
the  cementing  shoe  16  may  include  an  inner  filler  ma- 
terial  20  and  an  outer  case  or  container  22  enveloping 
the  filler  material.  The  inner  filler  material  20  may  be  ce- 
ment  or  other  cementitious  material,  may  be  reinforced, 
as  with  graphite  or  polypropylene  fibers,  etc.,  and  may 
be  integrally  formed  with  the  outer  case  22.  The  outer 
case  22  may  be  fiber-reinforced  resinous  material,  or  it 
may  be  metallic,  such  as  aluminum,  etc.  Of  course,  oth- 
er  materials  may  be  used  to  construct  the  cementing 
shoe  16  without  departing  from  the  principles  of  the 
present  invention. 
[0041]  As  shown  in  FIG.  1,  the  cementing  shoe/exit 
joint  1  6  is  positioned  at  or  very  near  the  lower  end  of  the 
casing  string  14.  This  is  an  advantageous  position  for 

the  exit  joint  16  in  the  method  10,  since  in  normal  prac- 
tice  the  lower  end  of  a  casing  string  is  usually  located  in 
rock  or  other  consolidated  and  stable  formation.  Thus, 
when  the  cementing  operation  is  performed  and  the  ce- 

5  menting  shoe  16  is  cemented  in  place  as  depicted  in 
FIG.  1  ,  the  lower  end  of  the  casing  string  14  is  preferably 
in  a  stable  formation  and  is  at  least  somewhat  protected 
from  damage  during  subsequent  drilling  and  completion 
operations.  For  convenience  and  clarity  of  illustration, 

10  conventional  steps  and  items  of  equipment  used  in  the 
cementing  operation  are  not  shown  in  the  drawings  or 
described  herein,  these  being  well  known  to  those  of  or- 
dinary  skill  in  the  art. 
[0042]  Referring  additionally  now  to  FIG.  2,  the  meth- 

15  od  10  is  schematically  and  representatively  illustrated 
in  which  additional  steps  have  been  performed.  The  par- 
ent  wellbore  1  2  has  been  extended  by  drilling  downward 
through  the  casing  string  1  4.  Another  casing  or  liner  24 
has  then  been  installed  in  a  lower  portion  26  of  the  par- 

20  ent  wellbore  12  and  cemented  in  place. 
[0043]  Threadedly  and  sealingly  attached  at  an  upper 
end  of  the  casing  or  liner  24  is  an  orienting  member  28. 
The  orienting  member  28  includes  an  internal  laterally 
inclined  annular  surface  30  and  an  internal  annular  re- 

25  cess  or  latching  profile  32.  Threadedly  and  sealingly  at- 
tached  above  the  orienting  member  28  is  a  seal  bore  or 
polished  bore  receptacle  (PBR)  34. 
[0044]  In  the  method  10,  the  casing  24,  orienting 
member  28  and  PBR  34  are  installed  in  the  parent  well- 

so  bore  1  2,  and  the  casing  is  cemented  in  place,  before  the 
lateral  wellbore  18  is  drilled.  As  shown  in  FIG.  2,  the 
inclined  surface  30  may  be  oriented  to  face  radially  to- 
ward  the  lateral  wellbore-to-be-drilled,  or  it  may  be  oth- 
erwise  directed,  as  will  be  explained  in  further  detail  be- 

35  low.  Additionally,  note  that  the  PBR  34  and  an  upper  por- 
tion  of  the  orienting  member  28  extend  above  the  lower 
parent  wellbore  26,  with  at  least  the  PBR  extending  into 
the  cementing  shoe  16.  Thus,  it  is  possible  to  place  ce- 
ment  about  the  PBR  34  and  orienting  member  28  to  f  ur- 

40  ther  isolate  the  formation  surrounding  the  lateral  well- 
bore  connection  (see  FIG.  4). 
[0045]  When  it  is  desired  to  drill  the  lateral  wellbore 
1  8,  an  assembly  36  is  conveyed  into  the  parent  wellbore 
12,  for  example,  by  lowering  the  assembly  via  a  work 

45  string,  coiled  tubing,  etc.  in  a  conventional  manner.  The 
assembly  36  includes  a  deflection  device  38  and  an  ori- 
enting  member  40.  The  deflection  device  38  has  a  lat- 
erally  inclined  upper  surface  42  formed  thereon  for  de- 
flecting  cutting  tools,  such  as  drill  bits,  tubular  members, 

so  other  items  of  equipment,  etc.,  laterally  with  respect  to 
the  parent  wellbore  1  2.  The  deflection  device  38  and  ori- 
enting  member  40  are  representatively  shown  in  FIG.  2 
as  being  solid,  but  it  will  be  readily  appreciated  that 
these  elements  could  be  made  generally  tubular,  that  is, 

55  having  axial  flow  passages  formed  therethrough. 
[0046]  When  the  assembly  36  is  conveyed  into  the 
parent  wellbore  12,  the  deflection  device  38  is  free  to 
rotate  relative  to  the  orienting  member  40.  A  release 
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member  or  annular  shear  ring  44  attaches  the  deflection 
device  38  to  the  orienting  member  40  and  permits  rela- 
tive  rotation  therebetween.  However,  as  shown  in  FIG. 
2,  the  deflection  device  38  has  been  downwardly  dis- 
placed  relative  to  the  orienting  member  40,  thus  shear- 
ing  the  shear  ring  44,  and  the  deflection  device  is  no 
longer  permitted  to  rotate  relative  to  the  orienting  mem- 
ber. 
[0047]  Complementarily  shaped  mating  splines  46 
are  formed  on  each  of  the  deflection  device  38  and  ori- 
enting  member  40,  so  that,  when  the  assembly  36  is  be- 
ing  conveyed  into  the  well,  the  splines  are  disengaged, 
thereby  permitting  relative  rotation  between  the  deflec- 
tion  device  and  the  orienting  member  40.  However, 
when  the  orienting  member  40  is  engaged  with  the  PBR 
34  and  orienting  member  28,  and  a  downwardly  directed 
axial  force  is  applied  to  the  deflection  device  38  to  shear 
the  shear  ring  44,  such  as  by  slacking  off  on  a  workstring 
attached  thereto  at  the  earth's  surface  to  thereby  apply 
a  portion  of  the  work  string's  weight  to  the  deflection  de- 
vice,  the  deflection  device  will  displace  axially  down- 
ward  and  the  splines  46  will  engage,  thereby  preventing 
relative  rotation  between  the  deflection  device  and  the 
orienting  member  40.  Of  course,  other  types  of  rotation- 
al  locks  may  be  used  in  place  of  the  splines  46,  such  as 
clutches,  other  cooperatively  engageable  projections 
and  recesses,  etc.,  and  other  types  of  release  members 
may  be  used  in  place  of  the  shear  ring  44,  without  de- 
parting  from  the  principles  of  the  present  invention. 
[0048]  A  latch  member  or  snap  ring  48  is  carried  ex- 
ternally  on  the  deflection  device  38.  When  the  deflection 
device  38  is  downwardly  displaced  relative  to  the  orient- 
ing  member  40  as  described  above,  the  snap  ring  48 
radially  outwardly  extends  into  an  annular  recess  or 
groove  50  formed  internally  on  the  orienting  member  40. 
The  snap  ring  48  prevents  the  deflection  device  38  from 
displacing  upwardly  relative  to  the  orienting  member  40 
after  the  deflection  device  has  displaced  downwardly  as 
shown  in  FIG.  2.  Thus,  the  snap  ring  48  maintains  the 
splines  46  in  engagement,  and  thereby  prevents  any  rel- 
ative  rotation  between  the  deflection  device  38  and  the 
orienting  member  40. 
[0049]  The  orienting  member  40  has  a  circumferential 
seal  52  carried  externally  thereon,  which  sealingly  en- 
gages  the  PBR  34  when  the  assembly  36  is  installed. 
Use  of  the  seal  52  is  optional,  since  it  may  not  be  desired 
to  sealingly  engage  the  assembly  36  with  the  orienting 
member  28,  liner  24,  etc.  In  that  case  use  of  the  PBR 
34  would  be  optional  as  well. 
[0050]  Also  carried  on  the  orienting  member  40  are  a 
series  of  circumferentially  spaced  apart  keys  or  lugs  54 
of  conventional  design  for  latching  engagement  with  the 
latching  profile  32.  Additionally,  a  laterally  inclined  an- 
nular  surface  56  is  formed  externally  on  the  orienting 
member  40  for  complementary  engagement  with  the  in- 
clined  surface  30  of  the  orienting  member  28. 
[0051]  As  the  upperorienting  member40  engages  the 
PBR  34  and  lower  orienting  member  28,  several  func- 

tions  are  performed.  The  seal  52  sealingly  engages  the 
PBR  34.  The  inclined  surfaces  30,  56  engage  each  oth- 
er.  If  the  upper  orienting  member  40  is  not  radially 
aligned  with  the  lower  orienting  member  28,  the  surfac- 

5  es  30,  56  will  cooperate  to  cause  the  upper  orienting 
member  to  rotate  into  radial  alignment  with  the  lower  ori- 
enting  member.  At  this  point,  the  upper  orienting  mem- 
ber  40  is  free  to  rotate  relative  to  the  deflection  device 
38.  When  the  upper  orienting  member  40  is  radially  ori- 

10  ented  with  respect  to  the  lower  orienting  member  28,  the 
keys  54  engage  the  latching  profile  32,  thereby  latching 
the  orienting  members  together,  with  the  surfaces  30, 
56  preventing  further  rotation  of  the  orienting  members 
relative  to  each  other. 

is  [0052]  After  the  orienting  members  28,  40  have  been 
radially  aligned  and  latched  together,  the  deflection  de- 
vice  38  is  oriented  so  that  the  surface  42  faces  toward 
the  lateral  wellbore-to-be-drilled  using  conventional 
methods,  such  as  by  using  a  gyroscope  included  in  the 

20  work  string  used  to  convey  the  assembly  36  into  the  par- 
ent  wellbore  1  2.  An  axially  downwardly  directed  force  is 
then  applied  to  the  deflection  device  38,  such  as  by  ap- 
plying  a  portion  of  the  work  string's  weight  to  the  deflec- 
tion  device.  This  force  causes  the  shear  ring  44  to  shear, 

25  releasing  the  deflection  device  38  for  displacement  rel- 
ative  to  the  orienting  member  40.  The  deflection  device 
38  displaces  downward,  engaging  the  splines  46  and 
engaging  the  snap  ring  48  in  the  groove  50.  At  this  point, 
the  deflection  device  38  is  rotationally  locked  with  re- 

30  spect  to  the  wellbore  1  2,  and  will  remain  in  this  position 
indefinitely,  with  the  surface  42  facing  toward  the  lateral 
wellbore-to-be-drilled. 
[0053]  One  or  more  cutting  tools,  such  as  drill  bits, 
may  be  lowered  through  the  casing  string  14  and  de- 

35  fleeted  by  the  surface  42  to  cut  laterally  through  the  ce- 
menting  collar  16.  In  this  manner,  no  milling  is  required 
to  cut  a  window  through  the  casing  string  1  4.  An  opening 
58  is  drilled  through  a  sidewall  of  the  cementing  collar 
16  and  extended  outward  from  the  parent  wellbore  12 

40  to  form  the  lateral  wellbore  18. 
[0054]  Due  to  wear  or  other  reasons,  it  may  be  desired 
to  install  another  deflection  device  or  other  item  of  equip- 
ment  at  the  lateral  wellbore  connection.  The  method  10 
and  apparatus  shown  in  FIGS.  1  &  2  and  described 

45  above  are  particularly  well  suited  for  repetitive  rotational 
alignment  of  items  of  equipment  relative  to  the  wellbore 
1  2  in  these  circumstances.  The  upper  orienting  member 
40  may  be  unlatched  from  the  lower  orienting  member 
28,  such  as  by  applying  an  axially  upwardly  directed 

so  force  to  the  assembly  36  to  disengage  the  keys  54  from 
the  latching  profile  32,  and  the  upper  orienting  member 
may  be  retrieved  to  the  earth's  surface  with  the  deflec- 
tion  device  38  attached  thereto. 
[0055]  Note  that  the  deflection  device  38  remains  ro- 

55  tationally  locked  to  the  orienting  member  40  as  they  are 
retrieved.  At  the  earth's  surface,  an  operator  may  note 
the  orientation  of  the  deflection  device  38  relative  to  the 
orienting  member  40.  The  operator  may  then  attach  an- 
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other  deflection  device  or  other  item  of  equipment  to  the 
orienting  member  40  in  the  same  orientation  as  the  pre- 
viously  attached  deflection  device  38. 
[0056]  Thus,  when  the  newly-attached  item  of  equip- 
ment  and  the  upper  orienting  member  40  are  installed 
in  the  well  and  the  orienting  members  40,  28  are  again 
engaged  with  each  other,  the  newly-attached  item  of 
equipment  may  have  the  same  radial  orientation  relative 
to  the  wellbore  1  2  as  the  deflection  device  38  previously 
had.  Of  course,  the  newly-attached  item  of  equipment 
might  also  be  attached  to  the  upper  orienting  member 
40  with  a  different  radial  orientation,  without  departing 
from  the  principles  of  the  present  invention.  Additionally, 
the  newly-attached  item  of  equipment  might  be  attached 
to  another  upper  orienting  member,  similar  to  the  upper 
orienting  member  40,  but  not  necessarily  including  the 
features  which  permit  rotation  and  then  rotational  lock- 
ing  between  the  item  of  equipment  and  the  upper  ori- 
enting  member,  since  radial  orientation  of  the  newly  at- 
tached  item  of  equipment  relative  to  the  upper  orienting 
member  may  be  fixed  before  conveyance  into  the  well. 
[0057]  Referring  additionally  now  to  FIGS.  3  &  4,  op- 
tional  steps  of  the  method  1  0  are  schematically  shown, 
which  may  be  utilized  when  relatively  high  pressure  drill- 
ing  or  other  operations  are  performed  through  the  lateral 
wellbore  connection.  In  FIG.  3,  aliner60orothertubular 
member  is  shown  inserted  through  the  opening  58 
formed  through  the  cementing  shoe  16  sidewall.  The  up- 
per  end  of  the  liner  60  is  sealingly  disposed  within  the 
parent  wellbore  12  in  the  interior  ofthe  casing  14.  The 
lower  end  of  the  liner  60  is  sealingly  disposed  within  the 
lateral  wellbore  18. 
[0058]  The  upper  end  of  the  liner  60  is  sealingly  en- 
gaged  with  the  casing  string  14  by  a  packer  or  liner 
hanger  62  attached  to  the  liner.  The  lower  end  of  the 
liner  60  is  sealingly  engaged  with  a  PBR  64  attached  to 
another  liner  or  other  tubular  member  66  cemented  in 
the  lateral  wellbore  18.  Of  course,  many  other  ways  of 
sealing  the  liner  60  in  the  parent  and  lateral  wellbores 
12,  18  may  be  used  in  the  method  10  without  departing 
from  the  principles  of  the  present  invention. 
[0059]  It  will  be  readily  appreciated  that  such  sealing 
engagement  of  the  liner  60  operates  to  isolate  the  lateral 
wellbore  connection  from  fluid  pressures  present  in  the 
casing  string  14  above  the  liner  60,  such  as  those  that 
might  be  experienced  when  the  lateral  wellbore  18  is 
drilled  further  outward  from  the  parent  wellbore  12. 
Thus,  drill  bits  or  other  equipment  may  be  conveniently 
transported  through  the  lateral  wellbore  connection  via 
the  liner  60,  and  fluid  pressures  present  in  the  parent 
wellbore  12  above  the  lateral  wellbore  connection  will 
be  isolated  from  the  lateral  wellbore  connection  during 
these  operations.  When  there  is  no  longer  a  need  for 
the  liner  60,  it  may  be  retrieved  using  conventional  meth- 
ods. 
[0060]  In  FIG.  4,  anotherlinerorothertubularmember 
68  is  positioned  extending  through  the  lateral  wellbore 
connection,  but  in  this  case  the  liner  is  used  before  the 

lateral  wellbore  18  is  drilled.  However,  it  is  to  be  clearly 
understood  that  the  liner  68  could  also  be  used  after  the 
lateral  wellbore  18  has  been  drilled. 
[0061]  As  shown  in  FIG.  4,  the  liner  68  is  inserted 

5  through  the  cementing  shoe  1  6  after  the  casing  24,  ori- 
enting  member  28  and  PBR  34  are  installed  and  ce- 
mented  within  the  lower  parent  wellbore  26.  The  liner 
68  is  sealingly  engaged  within  the  casing  string  14 
above  the  cementing  shoe  16  using  a  packer  or  liner 

10  hanger  70.  The  lower  end  of  the  liner  68  is  sealingly  en- 
gaged  with  the  PBR  34.  In  this  manner,  the  parent  well- 
bore  12  may  be  extended  by  passing  drill  bits,  etc. 
through  the  casing  string  14,  liner  68  and  casing  24, 
without  applying  any  excessive  fluid  pressure  to  the  lat- 

15  eral  wellbore  connection. 
[0062]  Referring  additionally  now  to  FIG.  5,  an  appa- 
ratus  80  embodying  principles  of  the  present  invention 
is  representatively  and  schematically  illustrated.  The 
apparatus  80  may  be  used  in  the  method  10  described 

20  above,  and  may  be  used  in  other  methods  as  well.  In 
many  respects,  the  apparatus  80  is  similar  to  the  ce- 
menting  shoe  16  described  above,  but  differs  in  some 
respects  also. 
[0063]  The  apparatus  80  includes  afloat  collar  82  sim- 

25  ilar  to  float  collars  of  conventional  design  and  well  known 
to  those  skilled  in  the  art.  The  float  collar  82  includes  a 
float  valve  84,  which  permits  flow  of  cement  or  other  ma- 
terial  downwardly  through  an  axial  flow  passage  86 
formed  therethrough,  but  prevents  flow  upwardly 

30  through  the  float  collar.  At  least  the  float  valve  84  portion 
of  the  float  collar  82  is  made  of  drillable  material,  such 
as  aluminum,  etc.,  and  an  annular  area  88  between  the 
float  valve  and  an  outer  tubular  housing  90  may  be  filled 
with  the  same  or  another  drillable  material,  such  as  ce- 

35  ment.  An  upper  end  of  the  housing  90  is  configured  for 
threaded  and  sealing  attachment  to  a  tubular  member, 
such  as  casing  of  the  casing  string  14  shown  in  FIG.  1  . 
[0064]  Threadedly  and  sealingly  attached  below  the 
float  collar  82  is  a  cementing  shoe  92.  An  axial  flow  pas- 

40  sage  94  formed  through  the  cementing  shoe  92  is 
aligned  with  the  flow  passage  86  of  the  float  collar  82. 
When  the  float  valve  84  is  open,  fluid  or  other  material 
may  flow  from  the  flow  passage  86  to  the  flow  passage 
94. 

45  [0065]  The  flow  passage  94  is  lined  with  a  tubular  flow 
conductor  96,  which  limits  erosion  of  a  filler  material  98 
radially  outwardly  surrounding  the  flow  passage.  The  fill- 
er  material  98  may  be  similar  to  the  filler  material  20 
used  in  the  cementing  shoe  16  described  above.  The 

so  filler  material  98  is  shown  in  FIG.  5  as  being  made  of 
cement,  but  it  is  to  be  understood  that  it  may  actually  be 
a  resinous  material,  a  polymer,  a  fiber-reinforced  mate- 
rial,  an  elastomer,  or  any  of  a  variety  of  drillable  materi- 
als. 

55  [0066]  The  cementing  shoe  92  is  attached  to  the  float 
collar  82  by  means  of  an  outer  tubular  housing  or  case 
100.  The  case  100  at  least  partially  radially  outwardly 
surrounds  the  filler  material  98  and  may  include  retain- 
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ing  structures,  such  as  annular  recesses  102,  etc., 
formed  internally  thereon  or  attached  thereto,  for  pre- 
venting  movement  of  the  filler  material  98  relative  there- 
to.  The  case  100  is  preferably  made  of  a  drillable  mate- 
rial,  such  as  aluminum,  etc.,  so  that  an  opening,  such 
as  opening  58  shown  in  FIG.  2,  may  be  easily  drilled 
laterally  therethrough. 
[0067]  Note  that  the  case  1  00  envelopes  a  substantial 
portion  of  the  filler  material  98,  but  that  a  lower  generally 
hemispherical-shaped  portion  104  of  the  filler  material 
extends  downwardly  and  outwardly  therefrom.  Thus,  it 
is  not  necessary  for  the  case  1  00  to  completely  circum- 
scribe  the  filler  material  98  in  keeping  with  the  principles 
of  the  present  invention.  Of  course,  the  lower  portion 
104  may  be  otherwise  shaped,  and  the  case  100  may 
otherwise  envelope  the  filler  material  98,  or  be  integrally 
formed  therewith,  without  departing  from  the  principles 
of  the  present  invention. 
[0068]  The  lower  portion  1  04  has  flow  passages  1  06 
formed  therein,  each  of  which  intersects  the  flow  pas- 
sage  94.  As  shown  in  FIG.  5,  the  flow  passages  106  are 
formed  through  the  filler  material  98  and  are  unlined,  but 
it  is  to  be  understood  that  the  flow  passages  may  be 
lined  with  protective  material,  and  may  be  otherwise  po- 
sitioned,  without  departing  from  the  principles  of  the 
present  invention. 
[0069]  Referring  additionally  now  to  FIG.  6,  another 
apparatus  1  1  0  and  method  1  1  2  embodying  principles  of 
the  present  invention  are  representatively  and  schemat- 
ically  illustrated.  The  apparatus  110  may  be  used  in  the 
method  112,  in  any  of  the  methods  described  above,  or 
in  any  other  method,  without  departing  from  the  princi- 
ples  of  the  present  invention.  Additionally,  the  method 
112  may  use  the  apparatus  110,  any  of  the  other  appa- 
ratus  described  above,  or  other  apparatus,  in  keeping 
with  the  principles  of  the  present  invention. 
[0070]  The  apparatus  110  includes  a  float  collar  114 
and  a  cementing  shoe  or  float  shoe  116,  each  of  which 
is  made  of  drillable  material.  As  shown  in  FIG.  6,  the 
float  collar  114  and  cementing  shoe  116  are  made  of  a 
molded  plastic  or  polymer  material,  but  it  is  to  be  under- 
stood  that  the  float  collar  and  cementing  shoe  may  be 
made  of  other  drillable  materials,  or  combination  of  drill- 
able  materials,  without  departing  from  the  principles  of 
the  present  invention. 
[0071]  Each  of  the  float  collar  114  and  cementing 
shoe  1  1  6  includes  a  float  valve  1  1  8.  The  float  valves  1  1  8 
permit  flow  from  the  interior  of  a  casing  or  other  tubular 
string  120,  from  which  the  apparatus  110  is  suspended, 
to  an  annulus  122  between  the  casing  string  and  a  well- 
bore  1  24  of  the  well,  but  prevent  flow  from  the  annulus 
to  the  interior  of  the  casing  string. 
[0072]  As  shown  in  FIG.  6,  initial  steps  of  the  method 
112  have  been  performed.  The  well  bore  124  has  been 
drilled,  at  least  to  a  point  where  it  is  desired  to  drill  a 
lateral  wellbore  126  extending  outwardly  therefrom.  The 
wellbore  1  24  has  been  underreamed,  that  is,  radially  en- 
larged  at  the  junction  of  the  parent  wellbore  and  the  lat- 

eral  wellbore-to-be-drilled  126.  The  lateral  wellbore  126 
is  shown  in  dashed  lines  in  FIG.  6,  since  it  has  not  yet 
been  drilled. 
[0073]  Radially  outwardly  extending  tunnels  or  cavi- 

5  ties  128  have  been  formed  in  the  underreamed  portion 
of  the  wellbore  124,  so  that  they  extend  into  the  forma- 
tion  130  surrounding  the  wellbore  junction.  The  radial 
cavities  1  28  may  be  formed  by  conventional  techniques, 
such  as  jet  cutting,  using  shaped  charges,  fracturing  the 

10  formation  during  pumping  of  material  1  34  thereinto,  etc. 
However,  it  is  to  be  clearly  understood  that  it  is  not  nec- 
essary  for  the  wellbore  124  to  be  underreamed,  or  for 
the  underreamed  portion  to  have  the  cavities  128 
formed  therein,  in  the  method  112. 

is  [0074]  The  apparatus  110  is  then  conveyed  into  the 
wellbore  1  24  suspended  from  the  casing  string  1  20.  The 
apparatus  110  is  positioned  at  the  wellbore  junction,  so 
that  the  lateral  wellbore  1  26  may  be  drilled  therethrough 
intersecting  the  parent  wellbore  124,  as  described 

20  above. 
[0075]  Cement  132  is  then  pumped  downwardly 
through  the  casing  string  120,  through  the  apparatus 
1  1  0,  and  upwardly  into  the  annulus  1  22.  Another  mate- 
rial  134  is  tailed-in  behind  the  cement  132,  so  that  the 

25  cement  is  pushed  upwardly  into  the  annulus  122  above 
the  wellbore  junction  and  the  material  134  fills  the  an- 
nulus  surrounding  the  apparatus  110,  including  the  un- 
derreamed  portion  of  the  wellbore  124  and  the  cavities 
1  28.  Of  course,  the  material  1  34  could  also  be  cement, 

30  or  another  drillable  material,  without  departing  from  the 
principles  of  the  present  invention.  Turbulence  inducing 
structures  136,  of  the  type  well  known  to  those  skilled 
in  the  art,  may  be  included  on  the  apparatus  110  to  aid 
in  ensuring  that  the  material  134  "sweeps"  through  the 

35  entire  annulus  1  22  at  the  wellbore  junction.  The  cement 
122  and  material  134  are  then  allowed  to  set  and/or 
harden. 
[0076]  It  will  be  readily  appreciated  that,  by  providing 
the  underreamed  portion  of  the  wellbore  1  24,  and  by  fill- 

40  ing  the  enlarged  annulus  122  surrounding  the  wellbore 
junction  with  the  material  134,  the  stability  of  the  well- 
bore  junction  is  significantly  improved.  The  wellbore 
junction  is,  thus,  made  more  resistant  to  collapse.  Other 
benefits  to  the  wellbore  junction  provided  by  the  method 

45  112  are  more  fully  described  below. 
[0077]  The  material  1  34  may  be  cement,  it  may  be  ce- 
ment  with  enhanced  properties,  such  as  fiber-reinforced 
cement,  or  it  may  be  any  of  a  variety  of  other  materials, 
such  as  polymers,  epoxy-type  materials,  etc.  For  exam- 

50  pie,  the  material  134  may  be  a  comparatively  low  vis- 
cosity  material,  which  may  be  pumped  into  the  formation 
1  30  surrounding  the  wellbore  junction.  Dashed  lines  1  38 
in  FIG.  6  indicate  that  the  material  134  may  be  forced 
outwardly  into  the  formation  130  surrounding  the  well- 

55  bore  junction,  in  which  case  the  cavities  128  may  be 
used  to  present  increased  surface  area  for  admitting  the 
material  into  the  formation. 
[0078]  In  orderto  force  the  material  134  outwardly  into 
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the  formation  130,  a  conventional  operation  known  as 
a  "top-side  squeeze"  may  be  performed  after  the  mate- 
rial  has  been  positioned  in  the  annulus  122  surrounding 
the  apparatus  110.  In  this  operation  fluid  pressure  is  ap- 
plied  to  the  annulus  122  at  the  earth's  surface  to 
squeeze  the  material  1  34  into  the  pores  of  the  formation 
1  30.  Of  course,  the  formation  1  30  preferably  has  at  least 
a  minimal  degree  of  permeability  to  permit  the  material 
134  to  flow  thereinto. 
[0079]  Note  that,  by  forcing  the  material  1  34  into  the 
formation  130,  several  benefits  may  be  achieved.  The 
collapse  resistance  at  the  wellbore  junction  may  be  vast- 
ly  improved.  The  tensile  strength,  compressive  strength 
and  ductility  of  the  formation  1  30  may  be  improved.  The 
formation  130  may  be  made  impermeable  in  the  area 
surrounding  the  wellbore  junction  by,  for  example,  filling 
its  pores  with  the  material  1  34.  The  leak-off  and  fracture 
propagation  pressures  of  the  formation  130  may  be  in- 
creased.  Resistance  of  the  formation  130  to  chemicals 
may  be  improved.  Of  course,  it  is  not  necessary  in  the 
method  1  1  2  for  all  of  these  benefits  to  be  obtained,  since 
a  choice  of  the  material  1  34  to  use  in  a  particular  situa- 
tion  may  be  tailored  to  the  specific  well  conditions,  for- 
mation  130  composition  and  properties,  benefits  de- 
sired,  etc. 
[0080]  An  example  of  a  material  which  may  be  used 
for  the  material  134  in  the  method  112  is  described  in 
EP-A-0899417.  This  application  describes  a  hardena- 
ble  epoxy  composition,  such  as  an  epoxide  containing 
liquid  selected  from  the  group  of  diglycidyl  ethers  of 
1  ,4-butanediol,  neopentyl  glycol  and  cyclohexane 
dimethanol,  and  a  hardening  agent  selected  from  the 
group  of  aliphatic  amines  and  carboxylic  acid  anhy- 
drides.  Aromatic  amines  may  also  be  used  as  a  hard- 
ening  agent.  Furthermore,  the  application  describes 
methods  of  pumping  the  epoxy  composition  into  subter- 
ranean  stratum  byway  of  a  well  bore  penetrating  the 
stratum  and  by  way  of  the  porosity  of  the  stratum,  and 
then  allowing  the  epoxy  composition  to  harden  in  the 
stratum. 
[0081]  It  will  be  readily  appreciated  that  the  above-de- 
scribed  methods  of  stabilizing  a  wellbore  junction  may 
be  used  in  other  types  of  junctions,  and  may  be  utilized 
before  or  after  drilling  a  wellbore  at  a  junction.  For  ex- 
ample,  the  wellbore  junctions  representatively  illustrat- 
ed  in  FIGS.  2  &  6  may  be  stabilized  by  forcing  the  ma- 
terial  1  34  into  the  formations  surrounding  the  junctions 
either  before  the  lateral  wellbores  18,  1  26  are  drilled,  or 
after  the  lateral  wellbores  are  drilled.  Additionally,  these 
operations  may  be  performed  in  conjunction  with  well- 
bore  stabilization  methods  described  in  EP-A-0899417. 
[0082]  Once  the  cement  1  32  and  material  1  34  (if  a 
separate  material  is  utilized)  have  hardened  in  the  rep- 
resentatively  illustrated  method  1  1  2,  the  lateral  wellbore 
1  26  is  drilled  in  a  similar  manner  as  that  described  above 
for  the  method  10.  The  apparatus  110  may  be  drilled 
through  and  a  deflection  device  utilized  to  deflect  cutting 
tools  outwardly  therethrough  to  form  the  lateral  wellbore 

126.  Thus,  the  method  112  does  not  require  any  time- 
consuming  milling  operations  and  may  be  performed  in 
the  course  of  substantially  normal  drilling  and  cementing 
operations. 

5  [0083]  Of  course,  many  modifications,  additions,  sub- 
stitutions,  deletions  and  other  changes  may  be  made  to 
the  methods  10,  112  and  various  apparatus  described 
above. 

10 
Claims 

1  .  A  method  of  forming  a  wellbore  junction,  the  method 
comprising  the  steps  of:  drilling  a  first  wellbore  (1  2) 

is  intersecting  a  subterranean  formation;  drilling  a 
second  wellbore  (18)  intersecting  the  first  wellbore 
(1  2)  and  the  formation;  and  forcing  a  stabilizing  ma- 
terial  into  the  formation  surrounding  the  intersection 
of  the  first  and  second  wellbores. 

20 
2.  A  method  according  to  Claim  1  ,  wherein  the  forcing 

step  is  performed  before  the  step  of  drilling  the  sec- 
ond  wellbore  (18). 

25  3.  A  method  according  to  Claim  1  ,  wherein  the  forcing 
step  is  performed  after  the  step  of  drilling  the  sec- 
ond  wellbore  (18). 

4.  A  method  according  to  Claim  1  ,  2  or  3,  further  corn- 
so  prising  the  step  of  preparing  the  stabilizing  material 

as  a  hardenable  epoxy  composition  having  a  vis- 
cosity  at  25°C  in  the  range  of  from  about  1  0  to  about 
100  centipoises  and  having  flexibility  upon  harden- 
ing,  and  comprising  an  epoxide  containing  liquid 

35  and  a  hardening  agent,  wherein  the  forcing  step  fur- 
ther  comprises  forcing  the  epoxy  composition  into 
the  formation  by  way  of  at  least  one  of  the  first  and 
second  wellbores,  and  further  comprising  the  step 
of  allowing  the  epoxy  composition  to  harden  in  the 

40  formation. 

5.  A  method  of  modifying  properties  of  a  subterranean 
stratum  surrounding  a  wellbore  junction,  the  meth- 
od  comprising  the  steps  of:  forcing  a  material  into 

45  the  stratum  surrounding  the  wellbore  junction;  and 
permitting  the  material  to  harden  within  pores  of  the 
stratum. 

6.  A  method  according  to  Claim  5,  further  comprising 
so  the  step  of  forming  the  junction  by  drilling  a  second 

wellbore  intersecting  a  first  wellbore,  and  wherein 
the  forcing  step  is  performed  prior  to  drilling  the  sec- 
ond  wellbore. 

55  7.  A  method  according  to  Claim  5,  further  comprising 
the  step  of  forming  the  junction  by  drilling  a  second 
wellbore  intersecting  a  first  wellbore,  and  wherein 
the  forcing  step  is  performed  after  drilling  the  sec- 
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ond  wellbore. 

8.  A  method  of  stabilizing  a  subterranean  formation, 
the  method  comprising  the  steps  of:  drilling  a  first 
wellbore  into  the  formation;  positioning  a  tubular  s 
string  in  the  first  wellbore;  flowing  a  stabilizing  ma- 
terial  into  an  annulus  formed  between  the  tubular 
string  and  the  first  wellbore;  permitting  the  stabiliz- 
ing  material  to  harden;  and  drilling  through  a  side- 
wall  of  the  tubular  string  and  the  hardened  stabiliz-  10 
ing  material,  thereby  forming  a  second  wellbore  in- 
tersecting  the  first  wellbore. 

9.  A  method  according  to  Claim  8,  further  comprising 
the  steps  of  forcing  the  stabilizing  material  outward-  15 
ly  into  the  formation  surrounding  the  first  wellbore, 
and  permitting  the  stabilizing  material  to  harden 
within  the  formation. 

10.  A  method  according  to  Claim  8  or  9,  wherein  the  20 
forcing  step  is  performed  before  the  step  of  drilling 
through  the  tubular  string  sidewall. 
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