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(54)  Method  and  appparatus  for  surveying  and  monitoring  a  hydrocarbon  reservoir. 

(57)  A  method  of  monitoring  a  fluid  reservoir 
traversed  by  at  least  one  well  comprised  the 
following  steps  : 

—  at  least  one  electrode  is  connected  to  the  q surface  and  fixed  in  permanent  manner  in  the  «  10  A  L__ 
well  under  conditions  isolating  the  section  of  )  \ |   —  -q 
the  well  in  which  it  is  located  hydraulically  from  )  —  !  _"iVT__bz 
the  rest  of  the  well  and  providing  electrical  K;  '  n 
coupling  between  the  electrode  and  the  reser-  ;/ 
voir  ;  M~~\Ay..  ; 

—  a  current  is  passed  through  the  reservoir  ;  j>  t  'l/^-30 
and  1  : 

—  an  electrical  parameter  is  measured,  _  J 
whereby  a  characteristic  representative  of  the  *X 
reservoir  can  be  deduced.  2»v  Ml  lll^ 

FIG.2B 
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The  present  invention  relates  to  techniques  for 
monitoring  and  surveying  a  hydrocarbon  reservoir 
penetrated  by  a  well.  More  particularly  the  invention 
concerns  a  method,  and  a  device  for  its  implementa- 
tion,  in  which  at  least  two  electrodes  are  located  in  the  5 
said  well,  spaced  apart  from  each  other  along  the 
length  of  the  well  and  connected  to  a  current  source 
and  to  means  for  measuring  an  electrical  parameter, 
from  which  a  characteristic  of  the  reservoir  is  de- 
duced.  The  parameter  is  the  potential  or  the  current  10 
and  the  characteristic  of  the  reservoir  is  the  resistivity 
of  the  geological  formations  forming  the  reservoir. 

The  production  of  hydrocarbons  needs  to  be  con- 
trolled  and  monitored  regularly  or  continuously,  in  or- 
der  to  determine  the  cause  of  any  reduction  or  stop-  15 
page  in  production  and  in  order  to  attempt  to  remedy 
it.  Apart  from  depending  on  the  installed  production 
facility,  production  also  depends  on  characteristics  of 
the  reservoir,  not  only  static  characteristics  (i.e.  por- 
osity)  but  also  dynamic  characteristics  (intercommu-  20 
nication  between  the  pores,  permeability,  etc.).  An 
important  item  of  information  in  this  respect  is  the 
position  in  the  reservoir  of  the  hydrocarbon/water  or 
hydrocarbon/gas  interface. 

It  is  of  fundamental  importance  not  only  to  detect  25 
a  possible  pocket  of  water  or  gas  but  to  know  its  pos- 
ition  at  any  instant,  in  order  to  avoid  the  water  reach- 
ing  the  production  well. 

The  electrical  resistivity  of  the  ground  is  used  in 
known  manner  as  a  representative  characteristic  of  30 
the  reservoir.  The  resistivity  of  hydrocarbons  is  much 
higher  than  the  resistivity  of  the  formation  water 
which  carries  salt  (in  a  ratio  of  around  100  to  1).  The 
measurement  is  effected  upon  drilling  the  production 
well,  with  a  logging  sonde  having  electrodes  or  with  35 
an  induction  sonde,  means  being  provided  to  allow 
the  resistivity  of  the  strata  which  traversed  by  the  well 
to  be  determined. 

The  presence  of  the  casing  presents  an  obstacle 
to  electrical  measurements.  Moreover,  this  type  of  40 
sonde  has  a  depth  of  investigation  of  the  order  of  one 
meter  and  thus  does  not  allow  the  characteristics  of 
reservoirs  to  be  surveyed  on  a  large  scale. 

In  this  context  the  present  invention  provides  a 
method  and  a  device  for  surveying,  monitoring  and  45 
making  measurements  on  the  reservoir  itself,  without 
affecting  production,  and  in  particular  for  enabling  the 
position  of  the  hydrocarbon/water  interface  to  be  de- 
termined,  with  a  view  to  optimizing  production. 

According  to  an  aspect  of  the  invention,  there  is  50 
provided  a  method  of  monitoring  a  fluid  reservoir 
penetrated  by  at  least  one  well,  comprising  the  follow- 
ing  steps: 

-  at  least  one  electrode  is  fixed  in  permanent 
manner  in  the  well  and  is  connected  to  the  sur-  55 
face  under  conditions  for  hydraulically  isolating 
the  section  of  the  well  in  which  it  is  located  from 
the  rest  of  the  well  and  for  providing  electrical 

coupling  between  the  electrode  and  the  reser- 
voir; 

-  a  current  is  passed  through  the  reservoir;  and 
-  an  electrical  parameter  is  measured  and  a 

characteristic  representative  of  the  reservoir  is 
deduced  therefrom. 

According  to  another  aspect,  there  is  provided  a 
device  including  several  electrodes  disposed  on  a 
support  adapted  to  maintain  between  the  electrodes 
a  spacing  which  is  absolutely  constant  with  time  and 
to  insulate  the  electrodes  from  each  other. 

In  an  embodiment,  more  particularly  applicable 
to  a  production  well  passing  through  two  regions  con- 
taining  different  hydrocarbons,  the  support  is  formed 
by  a  section  of  rigid  metallic  casing,  with  an  associat- 
ed  electrically  insulating  coating. 

In  another  embodiment,  more  particularly  appli- 
cable  to  an  uncased  well,  drilled  specifically  for  meas- 
urement  purposes  and  separate  from  the  production 
well,  the  support  is  formed  by  an  elongate  member  of 
flexible  or  semi-rigid,  electrically  insulating  material. 

In  a  further  embodiment,  the  device  includes  a 
cable  having  a  plurality  of  insulated  conductors  within 
an  outer  sheath,  each  conductor  having  its  end  por- 
tion  exposed  to  form  a  respective  electrode. 

The  electrodes  are  advantageously  fixed  in  the 
well  by  cement  injected  between  the  electrodes  and 
the  wall  of  the  well. 

The  cement  preferably  has  electrical  resistivity  in 
the  same  order  as  that  of  the  ground  of  the  reservoir. 

In  an  embodiment,  a  plurality  of  measuring  elec- 
trodes  and  a  current  injection  electrode  are  fixed  in 
the  well,  in  permanent  manner. 

Different  measurements  are  effected  at  at  least 
one  intermediate  electrode  and  relative  to  different 
electrodes  providing  current  return. 

In  a  variant  an  injection  electrode,  a  return  elec- 
trode,  a  reference  electrode  and  one  or  more  inter- 
mediate  measuring  electrode(s)  are  used,  the  meas- 
uring  electrode(s)  not  being  connected  to  the  source, 
and  the  potential  difference  is  measured  between  the 
or  each  of  the  intermediate  electrode(s)  and  the  ref- 
erence  electrode. 

In  order  to  follow  the  movement  of  the  hydrocar- 
bon/water  interface,  measurements  spaced  apart  in 
time  are  made,  and  the  difference  between  the  meas- 
urements  is  calculated  in  order  to  determine  a  para- 
meter  representative  of  the  movement  of  said  inter- 
face. 

The  current  source  generates  a  continuous  cur- 
rent,  or  a  low  frequency  alternating  current. 

According  to  a  further  aspect  of  the  invention, 
there  is  provided  a  device  for  monitoring  a  fluid  reser- 
voir  penetrated  by  at  least  one  well,  comprising  a  sup- 
port  on  which  are  fixed  longitudinally  spaced  apart 
electrodes,  the  electrodes  being  adapted  to  be  con- 
nected  to  a  current  source  and  to  means  for  measur- 
ing  an  electrical  parameter  (potential  or  current),  in 
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such  a  manner  that  each  electrode  can  act  equally 
well  as  a  current  electrode  or  as  a  measuring  elec- 
trode. 

The  invention  further  provides  an  installation  for 
monitoring  a  fluid  reservoir  penetrated  by  at  least  one 
well,  comprising: 

-  means,  including  a  current  source,  for  passing 
current  through  the  reservoir; 

-  means  for  measuring  potential  or  current;  and 
-  at  least  one  measuring  electrode  fixed  in  per- 

manent  manner  in  the  well  in  the  region  of  the 
reservoir  and  connected  to  the  surface  under 
conditions  hydraulically  isolating  the  section  of 
the  well  in  which  it  is  located  from  the  rest  of  the 
well  and  providing  electrical  coupling  between 
the  electrode  and  the  reservoir. 

The  invention  will  be  better  understood  in  the 
light  of  the  description  which  follows,  referring  to  illus- 
trative,  non-limiting  embodiments,  with  reference  to 
the  accompanying  drawings,  in  which: 

-  Figure  1  is  a  schematic  illustration  of  the  gen- 
eral  context  of  the  invention; 

-  Figure  2A  is  an  enlarged  schematic  view  of  a 
first  embodiment  of  a  device  according  to  the 
invention; 

-  Figure  2B  is  a  schematic  sectional  view  of  a 
well  equipped  with  the  device  of  Figure  2A; 

-  Figure  3  is  a  schematic  view  to  a  smaller  scale 
of  a  second  embodiment  of  a  device  according 
to  the  invention; 

-  Figures  4,  5,  and  6  show  schematically  various 
implementations  of  a  method  according  to  the 
invention;  and 

-  Figure  7  is  a  section  on  a  vertical  plane  of  a 
model  of  geological  formations  traversed  by  a 
borehole  and  including  a  hydrocarbon  reser- 
voir. 

As  shown  schematically  in  Figure  1,  a  well  10  is 
drilled  in  ground  formations  11,  the  well  10  opening  at 
the  surface  12.  The  well  can  have  a  depth  varying 
from  some  hundreds  of  meters  to  several  kilometers, 
and  it  passes  through  a  certain  number  of  distinct, 
successive  rock  and  geological  formations. 

A  current  +l  is  injected  from  the  surface  at  a  point 
A  by  a  conductive  electrode  in  contact  with  the  wall  of 
the  well  and  thus  the  corresponding  ground  forma- 
tion,  and  a  second  electrode  B  is  positioned  so  that  it 
is  longitudinally  spaced  apart  along  the  well  at  a  depth 
greater  than  the  electrode  A.  The  electrode  B  forms 
the  return  electrode  for  the  current  (-I).  It  should  be 
noted  that  other  arrangements  of  current  electrodes 
are  possible,  so  long  as  a  current  circulates  through 
the  formation;  thus  a  pair  of  electrodes  can  be  envi- 
sioned  at  the  surface,  suitably  spaced  apart  or,  as  de- 
scribed  below,  one  electrode  in  the  well  and  one  elec- 
trode  at  the  surface. 

In  theory  it  is  possible  to  trace  curves  called  equi- 
potential  lines  and  denoted  by  the  general  references 

13,  14,  15,  16  and  17,  it  being  understood  that  only 
some  curves  have  been  shown,  for  reasons  of  clarity. 
The  curve  15  is  a  straight  line  representing  the  level 
of  zero  current.  The  equipotential  curves  located  be- 

5  tween  the  zero  curve  15  and  the  electrode  A  are  con- 
cave  towards  the  surface,  while  the  equipotential 
curves  between  the  curve  15  of  zero  level  and  the 
electrode  B  are  concave  in  the  opposite  direction. 

A  hatched  region  18  bounded  by  the  equipotential 
10  lines  16  and  1  7  corresponds  to  a  region  producing  hy- 

drocarbons.  A  cross-hatched  region  19  has  been 
shown  inside  this  same  layer  and  symbolizes  a  pock- 
et  of  generally  saline  water.  In  fact  geological  strata 
producing  hydrocarbons  frequently  contain  regions 

15  or  pockets  of  water  and/or  gas. 
It  is  desirable  to  allow  the  water  pocket  19  to  be 

located  and  to  determine  its  movement  or  advance  to- 
wards  the  well. 

Points  corresponding  to  measuring  electrodes 
20  fixed  in  the  well,  in  contact  with  the  geological  forma- 

tions,  are  denoted  by  the  letters  a,  b,  c,  d,  e.  The  elec- 
trodes  a  to  e  each  correspond  to  an  equipotential 
curve,  in  order  to  facilitate  understanding  of  the  fig- 
ure. 

25  The  potential  difference  between  a  reference 
electrode  R  and  each  electrode  a  to  e  located  in  the 
well  and  in  contact  with  the  geological  formations  is 
measured  by  means  of  the  potentiometer  20,  the  ref- 
erence  electrode  being  preferably  located  on  the  sur- 

30  face,  at  some  distance  from  the  head  of  the  well  for 
example,  under  conditions  ensuring  stability  of  its 
characteristics  with  time.  Other  things  being  equal, 
the  measured  potential  values  depends  on  the  resis- 
tivity  of  the  geological  formations  encountered. 

35  The  presence  of  the  pocket  of  water  or  gas  19  has 
an  effect  on  the  geometry  of  the  equipotential  curves 
and  thus  affects  the  measurements  of  the  potential 
differences  carried  out  at  each  of  the  electrodes  a  to 
e.  The  deformation  of  equipotential  curve  15  is  indi- 

40  cated  symbolically  by  a  broken  line  curve  1  5',  it  being 
understood  that  all  of  the  curves,  particularly  those 
near  the  pocket  1  9,  are  also  deformed.  This  deforma- 
tion  tends  to  affect  the  measurement  at  each  of  the 
measuring  electrodes. 

45  Two  embodiments  will  now  be  described  with  ref- 
erence  to  Figures  2A,  2B  and  3  respectively. 

In  Figure  2A  there  is  shown  a  first  embodiment  of 
a  device  according  to  the  invention,  formed  by  an  ar- 
ray  of  electrodes  21  to  25,  it  being  understood  that  the 

so  device  can  comprise  a  number  of  electrodes  much 
greater  than  in  the  shown  embodiment.  These  are 
formed  by  rings  of  conductive  material  (copper  or  the 
like)  fixed  permanently  on  a  cylindrical  tube  26  form- 
ing  the  casing  of  a  production  well.  The  casing  26  has 

55  a  coating  in  the  form  of  a  film  or  jacket  of  electrically 
insulating  material  with  the  reference  27  on  its  outer 
wall  receiving  the  electrodes.  The  electrodes  21  to  25 
are  connected  by  contacts  21a,  22a,  23a,  24a  and 

3 
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25a  and  a  cable  connection  28  to  electronic  means  29 
shown  symbolically  in  the  figure  and  fixed  to  the  out- 
side  of  the  casing  26.  The  electronic  means  29  are 
connected  to  the  surface  by  a  electric  connecting 
cable  30,  connected  to  a  current  source  31  (alternat- 
ing  or  continuous)  and  processing  means  32  for 
measuring  information  received  from  the  region  of  the 
electrodes.  The  measurements  consist  in  measuring 
the  injected  current  and  the  potential  differences  be- 
tween  each  of  the  electrodes  21  to  25  and  the  above- 
mentioned  reference  electrode.  The  electronic 
means  located  near  to  the  electrodes  in  the  well  allow 
the  signals  received  from  the  electrodes  to  be  shaped 
for  sending  to  the  surface  via  the  cable  30  and  also 
allow  the  current  or  any  other  signal  to  be  fed  to  the 
electrodes. 

Figure  2B  shows  a  production  well  10  fitted  with 
the  device  of  Figure  2A,  with  casing  26  and  a  produc- 
tion  string  26A  passing  through  two  fluid  reservoirs 
R1  and  R2.  The  reservoir  R2,  located  at  a  greater 
depth  than  the  reservoir  R1,  communicates  with  the 
interior  of  the  string  26A  through  perforations  33 
(formed  in  a  manner  known  per  se).  The  arrows  indi- 
cate  the  flow  of  the  fluid  (hydrocarbons)  from  the  re- 
servoir  R2  to  the  interior  of  the  string  26A  and  thence 
to  the  surface.  The  array  of  electrodes  21  to  25  is 
positioned  on  the  casing  26  in  the  region  of  the  reser- 
voir  R1  which  is  not  providing  fluid  to  the  interior  of  the 
string  26A.  Cement  34  is  injected  in  a  manner  known 
per  se  into  the  annular  space  between  the  outer  wall 
of  the  casing  26  and  the  wall  35  of  the  well  10.  The 
electrodes  are  insulated  by  the  casing  26  and  the  ce- 
ment  34  from  the  rest  of  the  well  and  in  particular  from 
the  fluid  flowing  into  string  26Afrom  reservoir  R2. 

The  means  for  passing  current  in  the  reservoir  R1 
include  an  injection  electrode  I  located  at  the  surface, 
a  current  source  31  and  an  electrical  connection  con- 
necting  the  electrode  I  and  the  source  31  and  the 
measuring  electrodes  21  to  25. 

The  measuring  means  32  include  a  reference 
electrode  R  located  at  the  surface  and  a  potentiom- 
eter  connected  to  the  electrodes  21  to  25. 

In  another  embodiment,  shown  schematically  in 
Figure  3,  the  device  of  the  invention  comprises  a  plur- 
ality  of  electrodes  38  to  45,  spaced  apart  longitudin- 
ally  in  the  well  10  and  mounted  on  a  tube  of  small  di- 
ameter,  of  flexible  material  and  having  the  general  ref- 
erence  46.  The  tube  is  lowered  from  the  surface  12 
into  the  interior  of  the  well  10,  in  known  manner.  The 
measurement  means  and  the  current  injection  means 
are  not  shown  for  the  sake  of  clarity. 

The  electrodes  38  to  45  are  located  and  fixed  per- 
manently  in  the  well  10  in  the  region  of  the  production 
zone  18,  by  means  of  an  annular  mass  of  cement  47 
injected  from  the  surface,  to  a  depth  slightly  greater 
than  the  height  of  the  set  of  electrodes.  The  cement 
also  ensures  electrical  coupling  of  the  electrodes  to 
the  reservoir,  it  being  noted  that  the  cement  has  an 

electrical  resistivity  in  the  same  order  as  the  geolog- 
ical  strata  encountered.  In  any  event  the  resistivity  of 
the  cement  is  known,  so  that  corrections  for  the  pres- 
ence  of  the  annular  mass  of  cement  between  the 

5  measuring  electrodes  and  the  wall  of  the  well,  and 
thus  the  corresponding  geological  formations,  can  be 
carried  out. 

In  Figures  2Aand  2B,  the  electrodes  21  to  25  are 
placed  permanently  in  the  well  and  they  are  also  elec- 

10  trically  coupled  to  the  reservoir  by  injecting  cement  to 
fill  the  annular  space  defined  by  the  outer  surface  of 
the  casing  and  and  the  wall  of  the  well  (not  shown  in 
the  figures  for  the  sake  of  clarity). 

It  will  be  understood  that  different  arrangements 
15  are  possible  for  the  electrode  array.  For  instance,  in- 

stead  of  the  above-described  support  of  insulating 
material  carrying  conductive  annular  sections  which 
form  the  electrodes,  an  electrical  cable  comprising  in- 
sulated  conductors  within  an  insulating  sheath,  in  a 

20  number  at  least  equal  to  the  desired  number  of  elec- 
trodes,  may  be  used.  Each  electrode  is  preferably 
formed  in  the  same  manner  as  the  well-known  "bridle" 
in  a  logging  cable:  each  electrode  associated  with  a 
given  conductor  is  formed  by  the  exposed  end  portion 

25  of  the  respective  conductor  itself,  that  is  to  say,  this 
end  portion  has  no  insulation  thereon  and  passes 
through  the  insulating  sheath  of  the  cable  so  as  to  lie 
outside  the  sheath.  Preferably,  the  exposed  conduc- 
tor  is  wound  around  the  cable  sheath  in  a  coil-like  ar- 

30  rangement,  and  set  in  place  by  means  of  an  appropri- 
ate  adhesive  or  resin  leaving  exposed  the  outer  part 
of  the  coiled  conductor.  Provision  is  also  made  to  seal 
the  holes  which  have  to  be  provided  in  the  outer 
sheath  of  the  cable  in  order  to  pass  therethrough  the 

35  end  portions  of  the  conductors,  so  as  to  prevent  in- 
gress  of  well  fluids. 

In  either  of  the  embodiments  of  the  invention 
(Figure  2B  or  3),  the  vertical  array  of  electrodes  is  lo- 
cated  in  a  well  in  the  region  of  the  reservoir,  without 

40  the  electrodes  coming  into  contact  with  the  fluid  (hy- 
drocarbons)  flowing  into  the  production  well.  The  ce- 
ment  and/or  the  casing  26  allow  the  electrodes  to  be 
insulated  from  the  fluid  in  the  well. 

In  the  embodiment  of  Figure  3,  the  array  of  meas- 
45  uring  electrodes  is  fixed  in  a  well  separate  from  the 

production  well  through  which  the  hydrocarbons  are 
conveyed  to  the  surface.  The  measurement  well 
where  the  electrodes  are  fixed  may  be  a  well  specif- 
ically  drilled  for  this  purpose  or  it  may  equally  be  an 

so  existing  well  now  used  for  measurement.  It  is  possible 
for  example  to  drill  a  well  specifically  for  measure- 
ment,  relatively  cheaply  compared  with  a  convention- 
al  well,  by  a  technique  called  coiled  tubing  drilling,  in 
which  a  casing  or  rigid  metal  tube  with  a  relatively 

55  small  diameter  of  some  centimeters,  is  wound  on  a 
winch  of  large  diameter  (in  the  order  of  1  5  meters)  and 
fitted  with  drilling  means  at  its  end.  This  technique 
makes  it  possible  to  reduce  the  drilling  costs  signif  i- 

4 
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cantly  and  thus  to  drill  a  well  specifically  for  measure- 
ment  purposes  at  relatively  low  cost.  Only  the  upper 
part  of  the  well,  extending  over  some  tens  of  meters, 
has  a  casing  36  known  per  se. 

Various  possible  ways  of  implementing  the  meth- 
od  of  the  invention  are  described  below  with  reference 
to  Figures  4  to  7. 

In  Figure  4  the  elongate  support  means  is  shown 
as  a  vertical  line  50,  whether  in  the  form  of  the  casing 
26  (Figure  2)  or  in  the  form  of  an  insulating  flexible 
tube  46  (Figure  3).  A  current  source  52  connects  an 
upper  electrode  Esup  and  a  lower  electrode  Einf.  The 
current  or  potential  source  52  is  located  at  the  sur- 
face. 

A  set  of  electrodes  Ei  is  disposed  on  the  elongat- 
ed  support  50,  preferably  spaced  regularly  between 
the  electrode  Esup  and  the  electrode  Einf. 

In  the  implementation  in  Figure  4,  the  potential 
difference  is  measured  between  the  reference  elec- 
trode  and  one  of  the  electrodes  Ei,  called  intermedi- 
ate  electrodes. 

By  way  of  example,  the  current  or  voltage  source 
(referenced  52)  is  in  the  order  of  1  amp  or  several 
amps. 

Other  things  being  equal,  it  is  possible  to  trace  a 
curve  of  potential  as  a  function  of  depth  by  making  a 
measurement  at  each  of  the  intermediate  electrodes 
Ei.  Thus  each  electrode  Ei  corresponds  to  a  given 
depth.  Figures9and  10show  byway  of  example  such 
a  curve  of  potential  as  a  function  of  depth. 

In  another  implementation,  shown  in  Figure  5,  the 
source  of  voltage  52  connects  the  electrode  Einf  and 
a  given  intermediate  electrode  Ej.  The  various  poten- 
tial  difference  measurements  are  made  at  each  of  the 
intermediate  electrodes  Ei  other  than  the  intermedi- 
ate  electrode  Ej  connected  to  the  current  source.  This 
variant  makes  it  possible  to  detect  a  possible  pocket 
ofwaterorgas  19  which,  in  the  example  shown,  is  lo- 
cated  near  the  lower  electrode  Einf.  Thus,  in  the  dia- 
gram  of  Figure  4,  the  presence  of  the  pocket  of  water 
1  9  has  little  chance  of  being  detected,  taking  account 
of  the  distance  between  the  electrode  Esup  and  the 
pocket  of  water.  In  the  embodiment  of  Figure  5,  the 
proximity  of  the  return  electrode  Ej  increases  the 
chances  of  detecting  the  pocket  of  water  1  9. 

Coupling  and  connection  means,  including  the 
cable  35,  known  in  themselves  and  not  shown,  are 
provided  in  order  to  connect  the  current  source  52,  lo- 
cated  at  the  surface,  to  any  one  of  the  electrodes  to 
provide  the  current  input  electrode  and  to  any  one  of 
the  electrodes  to  form  the  current  return  electrode  in 
the  set  of  the  array  of  electrodes.  It  is  thus  possible 
to  effect  a  series  of  measurements  such  as  described 
in  connection  with  Figure  4,  then  to  effect  another  ser- 
ies  of  measurements  such  as  described  in  connection 
with  Figure  5.  Each  series  of  measurements  gives 
rise  to  a  curve  of  potential  as  a  function  of  depth,  each 
curve  then  allowing  detection  of  the  possible  pres- 

ence  of  an  anomaly,  such  as  a  pocket  of  water  or  gas 
19. 

Figure  6  shows  an  embodiment  in  which  the  cur- 
rent  source  52  is  connected  to  an  electrode,  called 

5  earth  or  ground  and  located  at  a  relatively  large  dis- 
tance  from  the  well  10,  that  is  to  say,  one  kilometer 
for  example  (distance  L)  and  to  a  measuring  electrode 
located  in  the  well.  The  location  of  the  electrode  53  re- 
mote  from  the  well  10  forces  the  current  lines  to  pass 

10  through  the  region  to  be  surveyed,  which  increases 
the  chances  of  detecting  the  presence  of  a  pocket  of 
water  19  crossing  the  stratum  60  producing  the  hy- 
drocarbons  and  traversed  by  the  well  10. 

The  cable  35  connecting  the  electronic  circuitry 
15  34  located  adjacent  the  measuring  electrode  to  the 

surface  has  a  length  of  several  kilometers,  (for  exam- 
ple  3  kilometers),  which  implies  a  resistivity  of  around 
80  ohms;  assuming  a  current  of  20  amps  flowing  in 
the  cable  80,  it  will  be  necessary  to  use  a  voltage 

20  source  of  1  ,600  volts.  This  high  tension  can  lead  to 
difficulties  from  the  standpoint  of  electrical  insulation 
and  thus  of  safety. 

DC  voltage  further  suffers  from  the  drawback 
that  electrodes  are  subject  to  erosion  and  polariza- 

25  tion.  As  a  variant,  a  source  of  low  frequency  AC  vol- 
tage,  for  example  at  5  Hz,  can  be  used,  which  avoids 
these  difficulties  and  further  improves  the  signal-to- 
noise  ratio. 

Figure  7  is  a  diagrammatic  sectional  view  on  a 
30  vertical  plane  of  a  ground  formation  having  a  succes- 

sion  of  strata  with  electrical  resistivities  symbolized 
by  the  parameters  r1  to  r6.  For  example,  going  from 
the  surface,  the  first,  surface  stratum  has  a  resistivity 
Pi  of  100  ohm.m,  the  second  stratum  has  a  resistivity 

35  p2  of  1  00  ohm.m,  the  third  stratum  has  a  resistivity  p3 
of  100  ohm.m,  the  fourth  stratum  has  a  resistivity  p4 
of  1  ohm.m,  and  the  last  stratum  has  a  resistivity  p5 
of  50  ohm.m. 

A  pocket  of  water  with  the  reference  1  9  is  located 
40  ata  depth  of  around  320  to  350  meters,  at  the  junction 

of  strata  Nos.  2,  3  and  4,  the  latter  forming  a  kind  of 
wedge  intersecting  strata  Nos.  2  and  3  on  a  substan- 
tially  horizontal  plane.  The  pocket  of  water  19  tends 
to  move  towards  the  production  well  10  passing 

45  through  the  production  stratum  as  the  hydrocarbons 
move  from  the  production  stratum  towards  the  well. 
The  pocket  of  water  19  thus  has  a  leading  face  19A 
in  a  first  position;  later  the  face  has  a  position  19B, 
closer  to  the  well  1  0.  The  faces  1  9A  and  1  9B  have  a 

so  surface  substantially  inclined  relative  to  the  well  and 
in  the  order  of  10  meters  high  for  example. 

The  device  of  the  invention  makes  it  possible 
firstly  to  detect  the  pocket  of  water  and  also  to  meas- 
ure  the  advance  thereof  as  production  takes  place. 

55  For  example,  with  an  array  of  electrodes  1  00  meters 
long,  it  is  possible  to  detect  movement  of  a  front  of  wa- 
ter  with  a  length  of  10  meters,  and  to  do  so  at  a  dis- 
tance  greater  than  50  meters.  The  accuracy  of  the 

5 
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measurement  can  be  improved  by  providing  addition- 
al  measurements,  performed  in  other  boreholes  tra- 
versing  the  production  region  and  also  equipped  with 
an  array  of  measuring  electrodes. 

Using  the  theoretical  model  shown  in  Figure  7,  a 
simulation  yields  synthetic  data  representative  of  the 
variations  of  potential  as  a  function  of  depth,  meas- 
ured  at  different  electrodes,  each  corresponding  to  a 
given  depth.  A  first  data  set  is  obtained  for  face  19A 
in  the  first  position  as  defined  above  and  a  second 
data  set  for  face  1  9B  in  the  second  position  corre- 
sponding  to  a  later  time. 

By  forming  the  difference  between  the  two  data 
sets,  the  influence  of  the  position  of  the  water  front 
on  the  potential  variation  vs.  depth  is  evaluated.  It  is 
noted  that  the  injected  current  is  high  enough,  e.g.  1 
amp,  so  as  to  generate  a  significant  variation  in  po- 
tential,  of  the  order  of  one  or  several  millivolts,  from 
which  it  is  possible  to  infer  the  displacement  of  the  wa- 
ter  front  and  thus  of  the  water  pocket  1  9. 

Claims 

1.  A  method  of  monitoring  a  fluid  reservoir  trav- 
ersed  by  at  least  one  well,  comprising  the  follow- 
ing  steps: 

-  at  least  one  electrode  is  fixed  in  permanent 
manner  in  the  well  and  is  connected  to  the 
surface  under  conditions  isolating  the  sec- 
tion  of  the  well  in  which  it  is  located  hydraul- 
ically  from  the  rest  of  the  well  and  providing 
electrical  coupling  between  the  electrode 
and  the  reservoir; 

-  a  current  is  passed  through  the  reservoir; 
and 

-  an  electrical  parameter  is  measured, 
whereby  a  characteristic  representative  of 
the  reservoir  can  be  deduced. 

2.  Amethod  according  to  claim  1,  wherein  a  plurality 
of  electrodes  are  disposed  on  a  support  adapted 
to  maintain  a  spacing  between  the  electrodes 
which  is  absolutely  constant  with  time  and  to  iso- 
late  the  electrodes  from  one  another. 

3.  A  method  according  to  claim  2,  wherein  the  sup- 
port  is  formed  by  a  rigid  metal  tube  with  an  elec- 
trically  insulating  coating. 

4.  A  method  according  to  claim  2,  wherein  the  sup- 
port  is  formed  by  an  elongate  member  of  non-rig- 
id,  electrically  insulating  material. 

5.  A  method  according  to  claim  4,  wherein  the  well 
in  which  the  electrodes  are  located  is  separate 
from  the  production  well. 

6.  A  method  according  to  any  one  of  claims  1  to  5, 
wherein  the  electrodes  are  fixed  in  the  well  by 
means  of  cement  injected  between  the  electro- 
des  and  the  wall  of  the  well. 

5 
7.  A  method  according  to  any  one  of  claims  1  to  6, 

wherein  a  plurality  of  measuring  electrodes  and 
a  current  injection  electrode  are  fixed  in  the  well. 

10  8.  A  method  according  to  claim  7,  wherein  the  po- 
tential  difference  is  measured  between  a  refer- 
ence  electrode  and  at  least  one  measuring  elec- 
trode  and  with  different  electrodes  providing  for 
the  current  return. 

15 
9.  A  method  according  to  claim  7,  wherein  either 

one  of  the  injection  electrode  and  the  reference 
electrode  is  disposed  on  the  surface. 

20  10.  A  method  according  to  any  one  of  claims  1  to  9, 
wherein  measurements  are  made  that  are 
spaced  apart  in  time  and  the  difference  between 
the  measurements  is  calculated  in  order  to  deter- 
mine  a  parameter  representative  of  the  move- 

25  ment  of  said  interface. 

11.  A  method  according  to  any  one  of  the  preceding 
claims,  wherein  the  current  source  generates  DC 
or  low  frequency  AC. 

30 
12.  Adevice  for  monitoring  a  fluid  reservoir  traversed 

by  at  least  one  well,  comprising  a  plurality  of  elec- 
trodes  spaced  from  each  other  in  the  longitudinal 
direction  and  isolated  from  each  other,  each  elec- 

35  trade  being  adapted  to  function  as  a  current  elec- 
trode  and  as  a  measuring  electrode. 

13.  A  device  according  to  claim  12,  comprising  an 
elongate  support  order  providing  fixed  spacings 

40  between  electrodes. 

14.  Adevice  according  to  claim  1  3,  wherein  said  elec- 
trodes  are  arranged  so  that  spacings  between 
adjacent  electrodes  are  equal. 

45 
15.  Adevice  according  to  claim  13,  wherein  said  sup- 

port  is  made  of  electrically  insulating  material. 

16.  Adevice  according  to  claim  15,  wherein  said  sup- 
50  port  is  made  of  a  non-rigid  material. 

17.  Adevice  according  to  claim  12,  including  a  cable 
having  a  plurality  of  insulated  conductors  within 
an  outer  sheath,  each  conductor  having  its  end 

55  portion  exposed  to  form  a  respective  electrode. 

18.  A  device  according  to  claim  17,  wherein  each  of 
said  exposed  end  portions  of  the  conductors  is 

6 
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wound  around  the  cable  in  a  coil-like  arrange- 
ment. 

19.  An  installation  for  monitoring  a  fluid  reservoir 
traversed  by  at  least  one  well,  comprising:  5 

-  means,  including  a  current  source,  for  pass- 
ing  current  through  the  reservoir; 

-  means  for  measuring  potential  or  current; 
and 

-  at  least  one  measuring  electrode  connect-  10 
ed  to  the  surface  and  fixed  in  permanent 
manner  in  the  well  in  the  region  of  the  reser- 
voir  under  such  conditions  that  the  section 
of  the  well  in  which  it  is  located  is  hydrauli- 
cally  isolated  from  the  rest  of  the  well  and  15 
that  electrical  coupling  is  provided  between 
the  electrode  and  the  reservoir. 

20.  An  installation  according  to  claim  19,  comprising 
cement  filling  the  annular  space  between  said  at  20 
least  one  electrode  and  the  wall  of  the  well. 

25 

30 

35 

40 

45 

50 

55 



EP  0  656  547  A1 



EP  0  656  547  A1 



EP  0  656  547  A1 





EP  0  656  547  A1 

J )  huropcan  Patent 
Office EUROPEAN  SEARCH  REPORT Application  [Number 

EP  94  40  2426 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, of  relevant  passages 
Relevant 
to  claim 

CLASSIFICATION  OF  THE APPLICATION  (Int.CI.6) 
FR-A-2  463  939  (INSTITUT  FRANQAIS  DU 
PETROLE) 
*  the  whole  document  * 

WO-A-87  04755  (COMDISCO  RESOURCES) 

*  page  18,  line  1  -  page  19,  line  13; 
f igures  6-8  * 

US-A-4  475  591  (COOKE) 

*  figure  2  * 

EP-A-0  352  148  (INSTITUT  FRANQAIS  DU 
PETROLE) 
*  f igures  * 

EP-A-0  294  225  (SORENSEN) 

*  column  3,  line  15  -  line  29;  f i g u r e s  

US-A-4  730  671  (PERKINS) 

*  abs t rac t   * 

US-A-5  214  384  (SPRUNT) 
*  figure  1  * 

I  he  present  search  report  has  been  drawn  up  for  all  claims 

1-4, 
7-14,19 

1-3,7 ,  
12-14, 
18,19 

1 ,5 ,6 ,  
17,19,20 

1 ,4 ,12,  
14,19 

12,13, 
15,19 

G01V3/20 
E21B47/10 
E21B17/00 

1,12,14,  
19,20 

1,12,19 

riace  oi  scarcn 
THE  HAGUE 

uaie  ot  completion  of  the  seven 
27  February  1995 

TECHNICAL  FIELDS 
SEARCHED  (Int.CI.6) 

G01V 
E21B 

Fonseca  Fernandez,  H 
(..Alr.l.UKV  Ut  CUED  DOCUMENTS 

X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another document  of  the  same  category A  :  technological  background O  :  non-written  disclosure P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date 
D  :  document  cited  in  the  application I.  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding document 

12 


	bibliography
	description
	claims
	drawings
	search report

