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Description 

Field  of  the  invention 
This  invention  relates  to  acoustic  investigations 

of  an  earth  formation  penetrated  by  a  borehole 
generally  and  more  specifically  to  an  acoustic 
method  and  apparatus  for  enhancing  earth 
formation  investigations  which  are  affected  by 
the  occurrence  of  a  stand-off  distance  between 
the  segment  of  the  tool  from  where  the  investiga- 
tion  is  made  and  the  wall  of  the  borehole. 

Background  of  the  invention 
Acoustic  pulse  echo  investigations  of  earth 

formations  have  been  described  in  the  art.  For 
example,  U.S.  Patent  4,255,798  to  R.  M.  Havira 
describes  a  method  and  apparatus  for  investigat- 
ing  a  casing  to  cement  bond  by  directing  acoustic 
pulses  from  inside  the  borehole  at  radial  seg- 
ments  of  the  casing  and  analyzing  acoustic 
returns.  The  U.S.  Patent  3,883,841  to  Norel  et  al 
describes  a  pad  mounted  pulse-echo  acoustic 
transducer  for  analyzing  the  casing  cement  inter- 
face.  Special  intermediate  layers  are  employed  to 
match  acoustic  impedances. 

In  the  investigation  of  an  earth  formation,  tools 
employing  various  sources  of  energy  may  be 
employed.  In  some  tools  the  spacing  between  the 
segment  of  the  tool  on  which  the  investigating 
energy  source  is  located  and  the  borehole  wall 
affects  the  investigation  and  techniques  are 
employed  to  bring  this  segment  of  the  tool  in 
close  proximity  with  the  wall  of  the  borehole.  This 
may  involve  use  of  one  or  several  pads  pressed 
against  the  borehole  wall  or  by  pressing  the 
segment  of  the  tool  to  one  side  of  the  borehole 
wall  with  tool  mounted  bow  springs  to  assure  that 
the  stand-off  sensitive  energy  source  or  trans- 
ducer  is  in  close  proximity  to  the  borehole  wall. 
Notwithstanding  use  of  such  techniques,  the  tool 
segment  may  be  forced  to  stand  away  from  the 
borehole  wall  by  the  presence  of  a  mudcake.  This 
stand-off  may,  therefore,  undesirably  affect  the 
accuracy  or  interpretation  of  the  tool's  investiga- 
tion  of  the  earth  formation.  In  some  instances, 
cavities  in  the  borehole  wall  may  appear  in  front 
of  the  tool  segment  and  it  is  desirable  to  be  able 
to  recognize  or  at  least  distinguish  such  cavities 
from  other  formation  characteristics  as  a  stand- 
off  type  measurement. 

Techniques  have  been  proposed  to  measure 
mudcake  thickness.  For  example,  according  to 
one  technique,  a  caliper  is  employed  to  measure 
the  borehole  diameter  and  reductions  from  the 
original  drilling  diameter  are  interpreted  as  an 
indication  of  the  thickness  of  the  mudcake.  The 
caliper's  use  for  a  mudcake  thickness 
measurement,  however,  requires  extensive  depth 
shifting  to  relate  the  measured  mudcake  thick- 
ness  to  that  actually  opposite  the  tool  segment 
carrying  the  investigating  transducer  and  as  a 
result  may  not  be  sufficiently  precise  when  a  high 
spatial  resolution  investigation  of  the  borehole 
wall  is  being  made.  This  problem  is  particularly 
acute  when  the  tool's  logging  motion  is  irregular, 

making  precise  high  resolution  depth  shifting 
extremely  difficult. 

An  acoustic  pulse  echo  technique  to  measure 
and  cake  thickness  is  described  in  the  U.S.  Patent 

5  3,175,639  to  Liben.  In  the  latter  patent  an  indica- 
tion  of  the  acoustic  impedance  of  a  flushed  zone 
behind  the  mudcake  is  derived  from  a 
measurement  of  the  change  between  an  acoustic 
reflection  and  the  applied  acoustic  pulse.  The 

10  acoustic  pulse  generator  described  in  Liben,  how- 
ever,  is  sensitive  to  temperature  and  pressure 
changes  encountered  at  borehole  depths  and 
since  these  render  mudcake  thickness 
measurements  less  precise,  the  tempeature  as  a 

15  function  of  depth  is  computed  or  a  temperature 
log  is  made  and  the  pressure  as  a  function  of 
depth  is  computed.  In  one  technique  described  in 
Liben,  an  acoustic  transducer  is  spaced  at  some 
distance  from  the  surface  of  the  borehole  wall 

20  requiring  that  the  borehole  mud  be  traversed  by 
the  applied  acoustic  pulse  and  reflections  caused 
thereby  along  this  distance.  This  tends  to  intro- 
duce  inaccuracies  in  the  mudcake  thickness 
measurement  and  impair  resolution,  due  to  fac- 

25  tors  such  as  attenuation  and  beam  spreading.  The 
acoustic  transducer  could  be  placed  in  close 
proximity  to  the  borehole  wall  as  taught  by  Liben, 
but  in  such  case  the  measurement  of  relatively 
thin  mudcake  layers  becomes  difficult. 

30  When  a  formation  investigation  is  affected  by 
the  presence  of  standoff,  it  is  desirable  to 
measure  the  stand-off  over  a  range  of  thickness 
and  in  a  manner  sufficient  to  resolve  ambiguities 
introduced  by  the  presence  of  stand-off.  The 

35  known  prior  art  techniques  for  measuring  mud- 
cake  thickness  are,  however,  not  sufficient  to  aid 
in  resolving  ambiquities  or  correcting 
measurements  made  in  a  high  resolution  forma- 
tion  investigation  which  is  sensitive  to  a  standoff 

40  condition  from  the  borehole  wall. 

Summary  of  the  invention 
In  a  method  and  apparatus  in  accordance  with 

the  invention  for  investigating  an  earth  formation 
45  '  penetrated  by  a  borehole  wherein  a  source  of 

energy  is  used  to  measure  a  parameter  which  is 
sensitive  to  a  stand-off  of  the  source  from  the 
borehole  wall,  an  acoustic  measurement  of  the 
stand-off  is  made  to  resolve  an  ambiguity  in  the 

50  parameter  measurement  due  to  such  stand-off. 
As  described  herein,  the  invention  is  particularly 
effective  in  the  investigation  of  the  formation  with 
an  array  of  small  button  electrodes  capable  of 
making  a  high  resolution  resistivity  investigation 

55  of  a  contiguous  segment  of  the  borehole  wall.  At 
least  one  acoustic  transducer  is  located  in  close 
proximity  to  the  array  to  determine  the  presence 
of  stand-off  of  the  array  from  the  borehole  wall 
and  thus  enable  one  to  resolve  ambiguities  in  the 

so  resistivity  investigation  introduced  by  the  stand- 
off. 

With  reference  to  one  embodiment  of  the 
invention,  a  plurality  of  acoustic  transducers  are 
used  to  determine  the  presence  of  stand-off  by 

?5  employing  an  accurate  pulse  echo  technique.  The 
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acoustic  transducers  may  be  distributed  in  an 
array  extending  laterally  across  a  segment  of  the 
tool  so  that  the  stand-off  can  be  measured  over  an 
extended  area.  This  may  advantageously  include 
corrections  for  borehole  environmental  effects 
such  as  pressure  and  temperature  changes  and 
the  acoustic  property  of  the  borehole  fluid.  The 
correction  of  stand-off  is  obtained  with 
measurements  made  with  calibrating  acoustic 
transducers  which  enable  automatic  compensa- 
tion  for  borehole  environmental  effects  and  pro- 
vide  local  measurements  of  the  acoustic  wave 
velocity  in  the  borehole  fluid. 

With  one  acoustic  technique  for  determining 
standoff  in  accordance  with  the  invention,  stand- 
off  measurements  are  made  with  an  accuracy 
sufficient  to  enable  one  to  resolve  ambiguities 
introduced  in  the  stand-off  sensitive  parameter 
measurement.  In  addition,  stand-off  is  measured 
with  a  spatial  resolution  that  approaches  the 
spatial  resolution  of  the  parameter  measurement. 
For  example,  in  one  embodiment  in  which  an 
array  of  electrodes  provides  a  high  resolution 
resistivity  investigation  of  the  borehole  wall,  a 
plurality  of  acoustic  transducers  are  strategically 
located  with  respect  to  and  in  close  proximity  to 
the  array  to  enable  a  measurement  of  the  stand- 
off  in  front  of  each  electrode  in  the  array.  The 
ambiguities  introduced  by  the  stand-off  may  then 
be  resolved  by  either  recording  the  stand-off 
measurements  alongside  the  resistivity 
measurements  with  appropriate  depth-shifting  or 
by  correcting  the  resisitivity  measurements  with  a 
deconvolution  technique. 

It  is,  therefore,  an  object  of  the  invention  to 
provide  a  method  and  apparatus  to  determine  the 
presence  of  stand-off  from  a  borehole  wall  and 
resolve  ambiguities  in  stand-off  sensitive  para- 
meter  measurements  made  with  a  tool  in  the 
borehole.  It  is  a  further  object  of  the  invention  to 
measure  such  stand-off  with  a  spatial  resolution 
sufficient  to  complement  high  spatial  resolution 
electrical  measurements  of  the  earth  formation 
and  with  a  precision  commensurate  with  the 
sensitivity  of  the  electrical  measurement  to  a 
stand-off  condition.  It  is  still  further  an  object  of 
the  invention  to  provide  an  apparatus  and 
method  to  measure  stand-off  and  correct  a  stand- 
off  sensitive  parameter  measurement  with  such 
stand-off  measurement. 

These  and  other  objects  and  advantages  of  the 
invention  can  be  understood  from  the  following 
description  of  several  embodiments  in  accord- 
ance  with  the  invention  described  in  conjunction 
with  the  drawings. 

Brief  description  of  the  drawings 
Fig.  1  is  a  perspective  and  schematic 

representation  of  one  apparatus  in  accordance 
with  the  invention; 

Fig.  2  is  a  schematic  view  of  several  operating 
conditions  and  response  curves  to  illustrate  the 
problem  at  which  the  invention  is  directed  in  an 
acoustic  transducer  used  in  accordance  with  the 
invention; 

Fig.  3  is  a  typical  timing  diagram  of  a  waveform 
generated  by  and  detected  with  an  acoustic  trans- 
ducer  employed  in  a  method  and  apparatus  in 
accordance  with  the  invention; 

5  Fig.  4  is  a  block  diagram  of  an  apparatus  used  to 
correct  a  measured  parameter  for  stand-off  in 
accordance  with  the  invention; 

Fig.  5  is  a  planar  front  elevation  view  of  the 
apparatus  of  Fig.  1  ; 

w  Fig.  5A  is  a  schematic  representation  of  a  tilted 
tool  condition; 

Fig.  6  is  a  horizontal  section  view  taken  along  a 
plane  intersecting  a  linear  acoustic  transducer 
array  employed  on  the  tool  shown  in  Fig.  1; 

15  Fig.  7  is  a  schematic  section  view  of  calibrating 
acoustic  transducers  employed  in  accordance 
with  the  invention; 

Fig.  8  is  a  timing  diagram  representative  of 
waveforms  generated  and  detected  by  the  trans- 

20  ducers  of  Fig.  7; 
Fig.  9  is  a  flow  chart  for  a  signal  processor 

routine  to  derive  and  employ  stand-off  in  accord- 
ance  with  the  invention; 

Fig.  10  is  a  flow  chart  for  a  routine  used  in  a 
25  signal  processor  to  correct  parameter 

measurements  with  stand-off  measurements  in 
accordance  with  the  invention; 

Figs.  11,  12  and  13  are  respectively  a  partially 
broken  side  elevation  view,  cross-sectional  view 

30  and  perspective  view  of  an  alternate  embodiment 
for  an  acoustic  transducer  linear  array  for  use  in 
apparatus  in  accordance  with  the  invention; 

Figs.  14  and  15  are  respectively  a  perspective 
view  and  side  view  in  elevation  of  another  acous- 

35  tic  array  for  use  in  an  apparatus  in  accordance 
with  the  invention;  and 

Fig.  16  is  a  perspective  view  of  another  acoustic 
array  for  use  in  an  apparatus  of  this  invention. 

40  Detailed  description  of  the  drawings 
With  reference  to  Figs.  1  —  4,  a  tool  20  for 

investigating  an  earth  formation  from  a  borehole 
22  is  shown  connected  by  a  cable  24  to  surface 
located  equipment  26.  The  tool  20  includes  a 

45  transducertool  segment  21  which  employs  one  or 
several  sources  of  energy  to  investigate  the 
borehole  22,  a  casing  in  the  borehole,  the  wall  of 
the  borehole  or  deeper  located  earth  formations. 
The  transducer  segment  21  measures  a  para- 

50  meter  which  is  sensitive  to  variations  in  the 
distance  of  segment  21  from  the  borehole.  Hence, 
information  of  what  this  distance  is  while  the 
investigation  of  the  borehole  is  made  is  desirable 
to  resolve  ambiguities  in  the  measured  para- 

55  meter.  The  tool  segment  21  is  shown  in  the  form 
of  a  skid,  though  it  should  be  understood  that 
other  borehole  wall  engaging  arrangements  such 
as  a  shoe  or  articulated  pad  can  be  used. 

In  the  tool  embodiment  20  of  Fig.  1  the  trans- 
60  ducer  segment  21  is  formed  with  an  array  28  of 

electrodes  30  of  a  type  selected  to  make  a  detailed 
resistivity  investigation  of  a  substantially  contigu- 
ous  area  of  the  borehole  wall  32.  A  tool  for 
making  such  resistivity  investigation  may  be  as 

65  described  European  patent  application 

3 
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tf  —  A  —  0  071  540.  The  surface  of  segment  21  has 
a  curvature  which  is  matched  to  the  nominal 
curvature  of  the  borehole  wall  32. 

The  size  of  the  electrodes  30  is  made  as  small  as 
is  practical,  for  example  as  described  in  the  above 
Palaith  et  al  application,  of  the  order  of  about  five 
millimeters  in  diameter,  so  that  the  array  may 
provide  high  resolution  information,  of  the  order 
of  several  millimeters,  about  the  resistivity  or 
conductivity  of  the  borehole  wall  32.  The  measure 
current  lm  emitted  by  electrodes  30  are,  therefore, 
sampled  at  a  high  rate  and  the  samples  are 
transmitted  by  cable  24  to  surface  signal  pro- 
cessing  equipment  26.  The  latter  generates  a 
suitable  record  such  as  display  log  34  on  which 
the  electrode's  measure  currents  are  plotted  as 
resistivity  graphs  36  and  as  a  funciton  of  depth. 

The  resistivity  investigation  with  the  array  28 
involves  the  use  of  small  electrodes  30  to  enable 
detection  of  relatively  small  resistivity  anomalies 
such  as  presented  by  a  fracture  38  or  a  boundary 
40  between  thin  beds  42,  44.  Although  the  tool  20 
is  provided  with  suitable  bow  springs  50  to  urge 
the  array  28  of  electrodes  30  towards  wall  32  of 
borehole  22,  conditions  may  arise  whereby  a 
space,  known  as  stand-off,  is  created  between 
electrodes  30  and  wall  32  of  the  borehole  22.  The 
stand-off  causes  the  resolution  of  the  current 
measurements  to  degenerate  and  logs  derived 
from  these  measurements  become  difficult  to 
interpret.  Such  stand-off  may  arise,  for  example, 
as  a  result  of  the  presence  of  a  cavity  in  front  of 
the  tool  segment  21  or  a  mudcake  or  by  a  lift  off  or 
a  tilt  condition  of  the  tool  20.  As  a  result  of  the 
stand-off,  the  electrode  current  measurements 
lose  resolution  leading  to  ambiguous  interpreta- 
tions.  When  the  stand-off  is  detected  with  the 
same  order  of  resolution  as  is  present  with  the 
use  of  array  28  and  is  determined  with  sufficient 
accuracy  commensurate  with  the  sensitivity  of  . 
the  electrical  measurement  to  the  magnitude  of 
the  stand-off,  smoothing  effects  present  in  the  log 
34  of  the  electrical  measurements  can  be  more 
precisely  interpreted. 

The  effect  of  a  stand-off  condition  can  be 
appreciated,  for  example,  with  reference  to  Fig.  2. 
In  this  Figure  a  small  button  electrode  30  is  shown 
3t  52  in  close  proximity  to  the  borehole  wall  32 
and  capable  of  injecting  a  focused  electrical  cur- 
rent  53  into  the  formation  in  the  manner  as 
described  in  the  aforementioned  patent  applica- 
tion  EP—  A—  0  071  540.  When  such  close  proxi- 
mity  condition  exists  as  the  tool  is  pulled  up  along 
the  borehole  wall,  the  output  current  from  the 
3lectrode  30,  when  it  crosses  the  boundary  40 
oetween  adjacent  beds  42,  44  of  different  resis- 
tivities,  is  as  illustrated  with  curve  54.  In  the  event 
the  electrode  30  crosses  a  fracture  such  as  38,  ths 
Dresence  of  its  higher  conductivity  causes  a 
•esponse  characteristic  as  illustrated  with  curve 
56. 

When,  however,  a  stand-off  condition  arises 
such  as  shown  at  57  in  Fig.  2  where  a  mudcake  60 
las  developed  between  the  electrode  30  and  the 
Dorehole  wall  32,  the  current  distribution  is  less 

focused  and  the  responses  of  the  electrodes  to 
surface  anomalies  such  as  fractures  or  thin  bed 
boundaries  are  likely  to  be  as  shown  with  curves 
58  and  60.  These  curves  58,  60  exhibit  a 

5  smoothing  of  the  electrode  measure  currents  as  if 
slower  formation  changes  occur  than  is  actually 
the  case.  Since  the  high  resolution  of  the  array,  of 
the  order  of  2.5  mm,  is  intended  to  provide  a 
detailed  "picture"  of  the  wall  32,  the  presence  of 

10  mudcake  60  or  a  tilt  condition  seriously  affects  the 
array  measurements. 

Accordingly,  a  stand-off  investigating  acoustic 
transducer  is  employed  in  close  proximity  to  the 
microresistivity  measuring  array  28  so  as  to 

15  obtain  a  measurement  of  the  stand-off  with  suffi- 
cient  spatial  resolution  that  the  stand-off  opposite 
each  of  the  individual  electrodes  30  in  the  array  28 
can  be  derived.  In  the  embodiment  as  illustrated 
in  Fig.  1,  a  number  of  stand-off  investigating 

20  transducers  64,  are  provided,  each  oriented  to 
direct  acoustic  pulses  towards  the  borehole  wall 
and  sense  acoustic  reflections  caused  at  inter- 
faces  of  media  having  contrasting  acoustic 
impedances  such  as  the  wall  32  behind  the 

25  mudcake  60.  With  acoustic  transducers  64 
accurate  measurements  of  stand-off  can  be  made 
with  a  spatial  resolution  generally  of  the  same 
order  as  the  spatial  resolution  capability  of  the 
electrodes  30  in  the  array  28  and  with  an  accuracy 

30  commensurate  with  the  sensitivity  of  the  elec- 
trode  current  measurements  to  stand-off  con- 
ditions.  The  stand-off  measurement  SO  as 
derived  with  signal  processor  26  is  recorded  as 
log  SO  as  a  function  of  depth  on  log  34. 

35  As  illustrated  in  the  view  of  Fig.  5,  stand-off 
detecting  transducers  64  are  distributed  as  pre- 
cisely  known  distances  from  and  in  close  proxi- 
mity  to  array  28.  Hence,  the  measurements  of  the 
magnitude  of  the  stand-off  with  these  transducers 

40  _  can  be  accurately  depth  shifted  and  interpolated 
to  derive  the  amount  of  stand-off  opposite  each  of 
the  electrodes  30  in  array  28. 

For  example,  if  the  tool  20  exhibits  a  significant 
tilt  as  illustrated  in  exaggerated  fashion  in  Fig.  5A, 

i5  the  resulting  different  stand-off  as  measured  with 
transducers  61.1  —  10  and  64.11,  64.12  can  be 
determined.  An  appropriate  geometrical  process 
can  be  implemented  to  derive  the  degree  of 
stand-off  (SO)  opposite  the  respective  electrodes 

50  30  in  array  28. 
Although  a  single  acoustic  transducer  64  could 

be  employed  to  determine  stand-off,  when  an 
electrical  array  28  is  used  there  are  a  number  of 
factors  making  it  preferable  that  more  than  a 

>5  single  acoustic  transducer  64  be  employed.  For 
example,  the  borehole  surface  opposite  the  elec- 
trode  array  28  is  likely  to  have  small  irregularities 
leading  to  different  resistivity  responses  by  differ- 
ent  electrodes  30  in  the  array  28.  Or,  the  borehole 

>o  cross-sectional  shape  is  such  as  to  cause  unpre- 
dictable  tool  orientations  relative  to  the  borehole 
wall  32.  Since  the  effect  of  these  factors  on  the 
resistivity  measurements  are  unlikely  to  be 
resolved  with  the  stand-off  measurement  by  a 

<5  single  acoustic  transducer  64,  preferably  several 

1 
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coustic  transducers  64  are  used  so  as  to  be  able 
3  measure  the  stand-off  opposite  each  of  the 
lectrodes  30  in  the  array. 
In  the  tool  embodiment  shown  in  Figs.  1  and  5, 

ne  acoustic  transducers  64  are  laterally  spread  in 
linear  array  66  vertically  below  the  electrode 

rray  28  and  with  a  pair  of  spaced  transducers 
i4.11  and  64.12  above  array  28.  The  use  of  linear 
rray  66  enables  the  acoustic  detection  of  a  small 
ave  which,  when  bridged  by  the  array  so  as  to  be 
ipposite  several  but  not  all  of  the  electrodes  30, 
vould  cause  ambiguities  in  the  electrode 
neasure  currents.  These  ambiguities  are  resolved 
iy  the  measurements  made  with  the  linear  acous- 
ic  transducer  array  66. 

The  spatial  resolution  of  the  acoustic  array  is, 
herefore,  selected  so  as  to  be  able  to  distinguish 
he  presence  of  a  small  cave  opposite  the  electri- 
:al  array  from  the  smoothed  electrical  responses 
ibtained  from  the  electrodes  30  opposite  such 
:ave.  Thus,  the  spatial  resolution  of  the  acoustic 
irray  66  preferably  is  in  the  range  from  that  of  the 
ilectrical  array  30  to  about  five  times  that.  This 
jnables  the  recognition  of  a  cave  bridged  by  array 
18  and  larger  than  the  cross-sectional  area  of  an 
jlectrode  30.  Since  the  stand-off  does  not 
lormally  vary  significantly  over  short  distances, 
he  acoustic  array  66  may  be  formed  with  spaced- 
apart  acoustic  transducers  64  as  shown  in  Figs.  1 
and  5.  The  number  of  acoustic  transducers  64  in 
:he  array  66  being  then  selected  to  obtain  a  spatial 
•esolution  of  the  order  that  is  generally  commen- 
surate  with  the  spatial  resolution  of  electrical 
array  28. 

The  acoustic  transducers  64  may  be  made  in 
:he  manner  as  more  particularly  described  in  the 
aforementioned  U.S.  Patent  to  Havira.  The  trans- 
ducers  64  as  shown  in  Fig.  2  are  each  formed  with 
3  piezoelectric  element  65  which  is  located 
between  an  acoustic  backing  material  63  and  an 
3coustic  delay  line  70  whose  end  interface  surface 
72  terminates  substantially  at  the  same  surface  as 
For  electrodes  30  on  tool  20. 

Different  types  of  transducers  64  may  be  used. 
The  transducers  shown  in  Figs.  1  —  7  are  of  a 
cylindrical  design  with  a  diameter  D  of  about  6 
mm.  The  excitation  pulses  for  transducers  cause 
transmission  of  acoustic  waves  at  a  frequency  of 
the  order  of  about  one  MHz.  At  this  operating 
frequency  the  transducers  operate  with  a  near 
field  region  out  to  a  distance  of  D2/X  so  that  the 
field  pattern  remains  essentially  collimated  over 
the  stand-off  distances  of  interest,  i.e.  generally 
less  than  about  20  mm  though  a  larger  stand-off 
can  be  accommodated.  The  spatial  resolution  of 
such  transducer  is  on  the  order  of  5  to  10  mm. 

The  selection  of  these  transducer  dimensions 
and  operating  frequency  may  vary.  For  example, 
the  diameter  D,  see  Fig.  5,  may  be  increased  to 
obtain  a  longer  collimated  near  field  region  with 
less  sensitivity  to  rough  wall  surfaces.  A  larger 
diameter,  however,  normally  yields  less  spatial 
resolution  over  the  stand-off  distances  of  interest. 

The  transducer  frequency  may  be  increased  to 
obtain  a  better  range  resolution  and  a  longer  near 

Tieia  region,  nowever,  sucn  mgner  iiequenuy 
increases  sensitivity  to  surface  roughness  and  is 
subject  to  higher  attenuation. 

The  acoustic  delay  line  70  may  be  increased  in 
>  length,  I,  to  increase  the  maximum  observable 

stand-off  and  decrease  source  ring-down  effects  if 
there  are  any.  However,  too  long  an  acoustic 
delay  line  70  decreases  the  firing  rate  and 
increase  the  decay  time  of  reverberations  so  as  to 

o  likely  result  in  poorer  spatial  resolution.  A  delay 
line  70  for  use  at  an  operating  frequency  of  one 
MHz  and  with  a  transducer  diameter  of  about  6 
mm  may  have  a  length  of  about  10  mm.  The 
length  of  the  delay  line  70  is  selected  sufficient  so 

5  as  to  allow  sufficient  "ring-down"  time  and  thus 
prevent  the  incidence  of  an  acoustic  return  on 
transducer  64  before  its  energizing  pulse  has 
terminated.  The  length  is  represented  by  the  time 
T1  that  it  takes  for  an  acoustic  pulse  to  travel  to 

o  end  interface  surface  72.  Since  the  interval  T2 
used  by  an  acoustic  pulse  to  travel  from  the 
surface  72  to  borehole  wall  32  is  to  be  measured 
as  an  indication  of  the  stand-off,  SO,  the  trans- 
ducer  64  is  also  employed  to  sense  acoustic 

•5  returns.  The  stand-off  interval  T2  is  derived  from 
the  detection  of  the  acoustic  reflection  of  the 
acoustic  pulse  from  borehole  wall  32.  A  stand-off 
indication  may  be  obtained  by  measuring  the 
round-trip  travel  time  for  an  acoustic  pulse  to 

;o  travel  to  wall  32  and  subtracting  from  that  the 
round-trip  travel  time  to  end  interface  surface  72. 

The  high  resolution  of  the  electrode  array  28 
requires  that  the  stand-off,  SO,  be  measured  with 
a  corresponding  spatial  resolution  and  with  an 

?5  accuracy  commensurate  with  the  sensitivity  of 
the  array  resistivity  measurements  to  stand-off. 
This  imposes  a  high  degree  of  accuracy  on  the 
stand-off  measurement.  Generally,  when  a  stand- 
off  sensitive  electrical  measurement  is  made  with 

40  an  array  28  as  described  in  the  aforementioned 
application  EP—  A—  0  071  540,  stand-off  should 
be  measured  so  as  to  be  able  to  distinguish 
thicknesses  differing  from  each  other  by  about 
five  millimeters.  There  are  a  number  of  factors, 

45  however,  which  tend  to  degrade  the  accuracy  of 
an  acoustic  measurement  of  the  stand-off.  For 
example,  changes  in  temperature  and  pressure 
encountered  by  the  tool  20  in  the  borehole  affect 
the  propagation  time  through  delay  line  70  and 

so  thus  the  accuracy  of  transducers  64  and  the 
mudcake  acoustic  velocity  may  vary  as  a  function 
of  borehole  depth. 

Tool  20  employs  calibration  acoustic  trans- 
ducers  74,  76  with  which  respectively  the  effect  of 

55  the  borehole  environment  on  the  stand-off  inves- 
tigating  transducers  64  and  the  acoustic  velocity 
of  the  borehole  fluid  can  be  measured  as.  a 
function  of  borehole  depth.  Transducer  74 
enables  measurement  of  the  travel  time  T,  of 

so  acoustic  pulses  through  delay  lines  70.  Acoustic 
transducer  76  measures  the  velocity  of  the 
borehole  fluid,  Vm,  through  a  slot  78  of  known 
width  and  exposed  to  borehole  fluid.  The 
borehole  fluid  acoustic  wave  velocity  Vm  approxi- 

65  mates  that  of  the  mudcake. 
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Measurement  of  the  borehole  fluid  acoustic 

wave  velocity  may  be  done  as  shown  with  a  slot 
78  cut  in  a  lower  portion  of  the  tool  20  projecting 
segment  21  on  which  the  array  28  of  electrodes  30 
is  located.  Alternatively  a  slot  or  gap  78  may  be  at 
another  suitable  place  on  tool  20  but  preferably  at 
such  location  where  the  borehole  fluid  in  the  gap 
78  is  able  to  pass  through  so  that  the  velocity 
measurements  are  made  for  borehole  fluid  at  a 
borehole  depth  in  the  vicinity  of  where  the  array 
28  is  employed.  Gap  78  is,  therefore,  preferably  at 
the  side  or  back  of  the  tool  segment  21. 

Actuation  of  the  electrode  array  28  and  sam- 
pling  of  measure  currents  lm  is  done  with  a 
network  84  as  more  particularly  described  in  the 
aforementioned  patent  application  to  Palaith  et  al. 
The  sampled  measure  currents  lm  on  output  line 
86  are  transmitted  along  cable  24  to  signal  pro- 
cessor  26. 

Energization,  detection  of  acoustic  reflections 
and  measurement  of  time  intervals  with  acoustic 
transducers  64,  74  and  76.is  done  with  the  aid  of  a 
network  88  similar  to  that  as  described  in  the 
Havira  U.S.  Patent  4,255,798.  The  network  88 
includes  a  signal  processor  90  which  actuates  the 
transducers  in  sequence  through  pulsers  92  and 
enables  time  interval  detections  of  reflections 
through  a  gated  amplifier  94.  In  addition  entire 
reflections  are  gated  in  through  a  return  detector 
amplifier  96  having  a  threshold  level  set  by  a 
network  98  controlled  by  signal  processor  90. 

With  network  88  the  acoustic  reflections  such  as 
100  in  Fig.  3  from  the  end  surface/mud  interface 
72  and  the  reflections  such  as  102  from  the 
borehole  wall  32  are  detected  and  analyzed  to 
generate  appropriate  signals  for  a  precise  deter- 
mination  of  stand-off.  These  signals  include  the 
time  intervals  ATF  on  line  1  04  for  the  arrival  of  the 
wall  reflection  102  since  the  start  of  the  acoustic 
pulse  106  which  caused  the  reflection  and  the 
magnitude  EF  on  line  108  of  wall  reflection  102, 
such  as  its  peak  level  or  energy  content. 

In  addition,  a  calibration  section  110  in  signal 
processor  90  provides  a  time  interval  signal  ATCAL 
on  line  112  representative  of  the  time  T,  for  a 
pulse  106  to  travel  through  delay  line  70.  A  signal 
Em  on  line  114  and  representative  of  the  mag- 
nitude  of  the  transducer/mud  interface  reflection 
100  is  produced.  A  signal  representative  of  the 
borehole  fluid  acoustic  wave  velocity  Vm  is  pro- 
duced  on  line  116  in  the  form  of  a  measured  time 
interval  ATmud  for  an  acoustic  pulse  such  as  1  06  to 
traverse  a  known  distance  through  the  mud,  such 
as  through  the  width  of  slot  78. 

Figs.  5  and  6  illustrate  the  placement  of  acoustic 
transducers  64  with  respect  to  electrode  array  28 
with  greater  detail.  The  array's  electrodes  30  are 
small,  of  the  order  of  2.5  mm  in  radius,  r,  and  are 
shown  closely  spaced  to  each  other  in  overlap- 
ping  relationship  in  multiple  rows  spaced  at 
regular  distances  L.  The  measure  current  lm  from 
these  electrodes  30  are  sampled  at  sufficient 
frequency  so  that  a  resistivity  pattern  of  the 
borehole  wall  can  be  obtained  with  a  resolution 
measured  on  the  order  of  millimeters.  With  such 

high  resolution  fine  borehole  wall  details  can  be 
measured. 

With  such  high  resolution,  however,  the  effect 
of  stand-off  tends  to  be  significant  and  the  stand- 

5  off  if  any  should  be  mesaured  to  resolve  ambi- 
guities  in  the  electrode  measure  currents  lm. 
Measurement  of  stand-off,  however,  should  be 
done  at  close  vertical  distances  from  array  28  in 
order  to  minimize  errors  introduced  when  the 

w  stand-off  measurements  are  depth  shifted  to 
determine  the  stand-off  conditions  in  front  of  the 
electrodes  30.  The  stand-off  investigating  acous- 
tic  transducers  64  are,  therefore,  spaced  at  pre- 
determined  locations  and  close  depth-shiftable 

15  distances,  d,  of  the  order  of  millimeters  from  the 
array  28. 

The  spacing,  d,  between  the  electrical  array  28 
and  stand-off  mesauring  transducers  64  may  be 
varied,  preferably  as  small  as  possible.  When 

20  transducers  64  are  close  to  electrical  array  28,  the 
depth  shifting  of  stand-off  measurements  results 
in  a  more  precise  determination  of  the  stand-off 
opposite  the  electrodes  30.  However,  too  close  a 
spacing  d  may  interfere  with  the  mechanical 

25  wiring  and  space  needs  of  the  electrical  array. 
When  the  spacing  d  is  large,  the  stand-off 
measurements  are  more  difficult  to  accurately 
align  by  depth  shifting  with  the  electrical 
measurements  made  with  electrical  array  28. 

30  Since  the  acoustic  transducers  64  are  in  turn 
sensitive  to  borehole  environmental  conditions, 
calibrating  transducer  74  is  employed  to  direct 
acoustic  pulses  at  a  fixed  reflective  target  130 
which  is  of  highly  contrasting  acoustic  impedance 

35  and  is  located  at  the  end  surface  of  the  same  type 
of  delay  line  70  as  employed  with  transducers  64. 
This  permits  a  precise  measurement  of  the  acous- 
tic  travel  time  through  delay  line  70  while  this  is 
affected  by  local  borehole  conditions. 

40  The  mud  calibrating  transducer  76  is  located  to 
direct,  through  its  end  surface  interface  72,  acous- 
tic  pulses  at  a  remote  target  132  in  the  form  of  slot 
wall  134  which  is  at  a  precisely  known  distance  S 
from  the  end  surface  72. 

45  With  reference  to  Figs.  7  —  9  apparatus  and  use 
of  the  calibration  transducers  are  shown.  When 
signal  processor  90,  see  Fig.  1,  commences  with 
actuation  of  transducer  74  at  a  time  tc  a  significant 
return  reflection  100  is  generated  by  the  fixed 

so  target  130  so  that  at  the  end  of  an  interval 
corresponding  to  the  travel  time  through  delay  70 
a  return  is  detected  at  time  ta.  At  another  time 
transducer  76  is  actuated  to  generate  a  pulse  106 
which  travels  through  delay  70.  Such  delay  70  is 

55  formed  of  a  material  whose  acoustic  impedance 
approximates  that  of  the  borehole  fluid  as  closely 
as  possible  so  that  the  reflection  arising  at  inter- 
face  72  should  be  very  small.  Notwithstanding 
such  material  selection,  however,  impedance 

bo  mismatches  are  likely  to  occur  at  the  end  interface 
surface  72  leading  to  a  significant  reflection  100.  A 
short  interval  later  the  acoustic  pulse  transmitted 
through  the  space  S  is  incident  upon  target  132 
causing  detection  of  a  reflection  140  at  a  time  tb. 

55  Fig.  9  illustrates  a  signal  processor  routine  148 

3 
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:or  operating  the  acoustic  transducers  64,  74  and 
76  and  employing  the  measurements  made  there- 
with.  The  routine  148  includes  portions  which 
inay  be  carried  out  in  whole  or  in  part  downhole 
ay  signal  processor  90.  Commencing  at  150  calib- 
•ating  transducer  74  (referred  to  in  Fig.  9  as  TUCAL) 
s  actuated  and  the  time  tD  this  is  done,  stored  at 
152.  At  153  a  value  for  a  threshold  is  set.  This 
threshold  level  is  selected  sufficiently  high  to 
avoid  responding  to  system  noise,  yet  not  too 
high  lest  the  equipment  is  unable  to  detect  the 
3cho  from  end  surface  130  or  the  acoustic  reflec- 
tion  from  the  transducer/mud  interface  131  of 
transducer  76  at  slot  78.  The  selection  of  a 
threshold  as  referred  to  herein  may  also  be 
obtained  by  the  control  of  the  gain  of  a  variable 
gain  amplifier  (VGA)  whose  input  is  coupled  to  a 
transducer  64  through  a  multiplexer  as  shown  in 
the  Patent  4,255,798  to  Havira.  In  such  case,  a 
comparator  compares  the  output  of  the  VGA  to  a 
fixed  reference  level  and  detects  an  acoustic 
reflection  when  the  amplifier  output  exceeds  this 
reference  level. 

A  wiating  sequence  is  then  begun  to  determine 
at  154  whether  reflection  100  has  arrived  and 
when  this  is  detected  the  time  arrival,  ta,  stored  at 
156.  The  difference  in  time  between  ta  and  t0  is 
determined  at  158  and  is  the  time  interval  ATCAL 
associated  with  the  travel  of  acoustic  pulses 
through  delay  lines  70  of  transducers  64,  74  and 
76. 

Transducer  76  (Tumu(j),  used  for  measuring  the 
acoustic  velocity  of  the  borehole  fluid,  is  ener- 
gized  at  160  and  the  time  this  is  done  is  stored  at 
162.  A  time  window  is  then  selected  at  164  with  a 
time  duration  commensurate  with  the  maximum 
interval  at  which  an  acoustic  reflection  from  the 
delay  line/mud  interface  72  should  occur.  A  check 
is  then  made  at  166  whether  a  reflection  100  has 
been  detected  and  if  not,  a  test  is  made  at  168 
whether  the  time  window  has  passed.  The  latter 
test  allows  for  the  event  when  acoustic 
impedances  of  the  delay  70  and  the  borehole  fluid 
are  so  closely  matched  that  the  acoustic  reflection 
100  is  too  small  to  detect.  Hence,  if  the  time 
window  has  timed  out  a  lower  threshold,  TH,  is 
set  at  170  and  a  return  is  made  to  step  160.  The 
lowering  of  the  threshold  is  done  preferably  with 
a  small  decrement.  The  process  of  energizing 
transducer  76  and  decrementing  the  threshold  is 
continued  until  an  interface  reflection  is  detected 
at  166.  The  time  ta  at  which  the  latter  reflection  is 
detected  is  stored  at  172.  The  amplitude  A  of  the 
reflection  at  the  delay  line/mud  interface  131  is 
measured  at  174.  Care  should  be  taken  not  to 
reduce  the  threshold  at  170  below  a  level  at  which 
noise  instead  of  an  echo  is  detected.  Accordingly, 
a  test  is  made  at  175  whether  the  threshold,  TH, 
has  been  decremented  to  its  lowest  acceptable 
level.  Such  level  is  a  function  of  system  noise  and 
is  pre-set  at  some  level  above  that.  When  the  test 
indicates  a  lowest  threshold  level  the  next  step  is 
carried  out  at  176  where  the  value  for  time  ta  is  set 
equal  to  ATCAL  and  the  echo  amplitude  at  a 
reference  value  AR. 

A  check  is  then  made  at  178  whetner  a  wall 
reflection  140,  i.e.,  the  acoustic  reflection  of  the 
slot  wall  132  has  been  detected  in  excess  of  the 
last  decremented  threshold  value  TH.  If  not,  a 

5  waiting  cycle  is  entered,  which  may  be  escaped,  if 
at  179  the  waiting  time  exceeds  a  maximum  TMAX. 
The  time  tb  of  arrival  of  reflection  140  is  stored  at 
180.  The  mud  calibration  interval  ATmud  may  then 
be  determined  at  182  as  the  difference  between 

o  the  time  tb  and  tQ  and  by  subtracting  from  this 
difference  the  travel  time  ATCAL  representative  of 
the  acoustic  pulse  round-trip  travel  time  through 
delay  line  70.  The  acoustic  wave  velocity  of  the 
borehole  fluid  may  then  be  calculated  at  184 

5  according  to  the  relationship 

2S 

ATmud 
20 

Once  tranducers  74,  76  have  been  used  to 
generate  signals  representative  of  the  calibration 
ATCAU  of  the  delay  lines  70  and  the  acoustic  wave 
velocity  of  the  borehole  fluid  VM,  the  stand-off 

25  investigating  acoustic  transducers  64  are 
energized  commencing  with  the  first  transducer, 
Tuu  at  190  and  the  time  this  is  done  is  stored  at 
192.  A  threshold  is  set  at  191  with  a  value  A+A 
which  is  slightly  higher  than  the  measured 

30  amplitude  A  for  the  reflection  100  (see  Fig.  8)  at 
interface  72  (see  Fig.  7)  and  as  measured  at  174. 
With  this  threshold  the  detection  of  a  reflection 
from  the  borehole  wall  32  with  a  small  amount  of 
stand-off  can  be  made.  The  detected  returns  from 

35  firing  of  the  first  transducer  Tu,  are  analyzed  at 
194  for  arrival  of  the  wall-reflection  102  (see  Fig. 
3)  by  sensing  whether  the  reflection  102  exceeds 
the  threshold  value  TH  as  set  at  191.  If  the  wall 
reflection  has  arrived,  its  time  of  arrival,  t„  is 

40  stored  at  196  and  its  energy  content  Ef  measured. 
In  the  event  no  wall  reflection  is  sensed  at  194 

from  the  firing  of  transducer  Tu1#  a  waiting  cycle 
is  entered.  If  the  time  lapsed  since  the  actuation  of 
the  transducer  Tu-,  at  190  exceeds  the  delay 

45  interval  ATCAu  as  checked  at  202,  a  new  lower 
threshold  level  TH,  less  than  A+A  as  generated  at 
191,  is  set  to  be  effective  thereafter  at  204.  The 
lower  threshold  enables  the  subsequent  detection 
of  a  small  borehole  wall  return  whose  peak 

so  magnitude  is  less  than  the  reflection  arising  at  the 
transducer/mud  interface  72.  Change  to  a  lower 
threshold  level,  TH,  enhances  the  sensitivity  in  the 
detection  of  smaller  returns  from  a  more  distantly 
located  mudcake  interface.  The  lower  threshold 

55  level,  however,  is  not  set  so  low  as  to  detect  noise 
spikes.  A  check  is  then  made  at  205  whether  an 
acoustic  reflection  has  been  detected  which 
exceeded  the  lower  threshold  as  set  at  204.  If  so,  a 
return  is  made  to  196  to  store  the  time  of  arrival  ta 

60  and  measure  the  magnitude  Ef  of  the  wall 
reflection. 

When  no  return  is  detected  at  205,  a  test  is 
made  at  206  whether  the  elapsed  time  exceeds  a 
maximum  TMAX.  If  not,  a  return  is  made  to  step 

65  205  to  again  look  for  a  wall  reflection.  In  the  event 
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no  wall  reflection  is  detected  and  the  maximum 
time  has  elapsed,  a  maximum  value  for  the  arrival 
time  tf  is  set  at  208  and  a  return  is  then  made  to 
step  212. 

At  step  212  a  check  is  made  whether  the  above 
process  needs  to  be  executed  for  another  trans- 
ducer  Tu.  If  so,  a  counter  representative  of  the 
number  of  transducers  64  is  incremented  at  214 
and  the  next  transducer  Tu,  is  then  energized  at 
190. 

After  all  transducers  64  (TU)  have  been 
operated  and  wall  reflections  102  have  been 
detected  the  interval  due  to  stand-off,  if  any  is 
present,  is  determined  at  218  for  each  transducer 
by  determining  the  interval  AT,  for  the  wall 
reflection  102  and  subtracting  therefrom  the  inter- 
val  for  the  delay  line  ATCAL.  This  is  done  for  each 
stand-off,  investigating  transducer  64  and  in 
sequence  and  if  desired  the  interval  measured 
with  the  transducers  64  can  be  recorded  at  220  as 
representative  of  the  amount  of  stand-off. 

A  more  precise  determination  of  stand-off,  SO, 
is  obtained,  however,  by  multiplying  the 
measured  interval  representative  of  stand-off  by 
the  measured  acoustic  wave  velocity  VM  at  222 
and  recording  this  at  224. 

The  electrode  measure  currents  lm  are  sampled 
at  226  either  simultaneously  with  the  operation  of 
the  acoustic  transducers  or  in  sequence.  The 
sampled  current  values  are  recorded  at  228  and  a 
return  made  at  230  to  the  beginning  of  routine  148 
at  step  1  50. 

The  routine  148  is  cycled  through  at  a  rapid 
speed.  In  this  manner  vertical  motion  of  tool  20 
can  be  made  to  have  but  a  small  effect  on  the 
vertical  resolution  of  the  stand-off  investigating 
acoustic  transducers  64.  The  cycling  speed  may 
vary  depending  upon  the  speed  of  movement  of 
tool  20,  but  may  be  of  the  order  of  several 
kilohertz. 

With  the  measurement  of  stand-off,  an 
improvement  of  the  attendant  loss  of  resolution 
by  the  electrode  array  28  can  be  achieved  using  a 
deconvolution  technique.  This  may  be 
implemented  as  shown  in  Fig.  4  by  applying  the 
stand-off,  depth  and  electrode  current 
measurements  to  a  stand-off  corrector  240.  The 
latter  represents  a  routine  for  a  signal  processor 
with  which  a  deconvolution  of  the  electrode 
current  data  can  be  executed.  Such  deconvolution 
may  be  applied  to  electrode  currents  lm  for  which 
stand-off  is  approximately  constant.  Such  decon- 
volution  scheme  may  follow  well  known  steps  as 
described  in  an  article  entitled  "On  The  Applica- 
tion  of  Eigenvector  Expansions  to  Numerical 
Deconvolution"  and  published  by  M.  P.  Ekstrom 
and  R.  L  Rhoads  at  page  319  in  the  Journal  of 
Computational  Physics,  Vol.  14  No.  4,  April  1974 
and  an  article  entitled  "Removal  Of  Intervening 
System  Distortion  By  Deconvolution"  by  the 
same  authors  but  published  in  the  IEEE  Transac- 
tions  On  Instrumentation  and  Measurement,  Vol. 
IM-17,  No.  4,  page  333  of  the  December  1968 
issue. 

The  deconvolution  technique  of  resolution 

corrector  240  may  be  carried  out  by  the  steps  of 
the  corrector  routine  in  Fig.  10.  Thus,  commenc- 
ing  at  242  the  stand-off  for  each  button  electrode 
30  in  the  array  28  is  measured  using  the 

5  apparatus  and  steps  as  previously  described  with 
the  stand-off  investigating  acoustic  transducers 
64  and  with  the  information  derived  with  calibrat- 
ing  transducers  74,  76. 

At  244  a  system  function  Hd  (x,  z)  associated 
10  with  the  measured  stand-off  is  derived.  This  may 

be  done  by  storing  a  numerical  set  of  response 
characteristics  for  different  stand-off  values,  such 
as,  for  example,  from  zero  stand-off  to  15  mm  of 
stand-off  at  intervals  of  say  5  mm,  though  differ- 

15  ent  interval  values  may  be  employed. 
At  246  the  two  dimensional  borehole  wall 

region  (x,  z)  is  separated  into  regions  of  approxi- 
mately  constant  standoff.  At  248  these  identified 
regions  of  generally  constant  stand-off  are  sub- 

20  jected  to  a  deconvolution  process  in  a  manner 
described  in  the  foregoing  articles  to  remove  or  at 
least  moderate  the  resolution  loss  due  to  stand- 
off  and  produce  stand-off  corrected  resistivity 
values  for  recording  at  250. 

25  Variations  of  the  described  embodiments  may 
be  implemented.  For  example,  the  array  of  acous- 
tic  transducers  64.1  —  10  may  be  mounted  in  a 
different  linear  array  configuration  wherein  each 
transducer  directs  its  acoustic  beam  at  a  common 

30  reflector  for  its  direction  at  the  borehole  wall.  This 
is  illustrated  in  the  embodiments  of  Figs.  11  —  16. 

With  reference  to  Figs.  11  —  13,  a  linear  array 
260  of  acoustic  transducers  64  is  shown  mounted 
in  a  recess  262  below  electrode  array  28.  The 

35  transducers  74  are  located  at  an  interface  264 
which  is  opposite  an  acoustic  reflecting  surface 
266.  The  recess  262  is  filled  with  a  material  268 
which  serves  the  function  of  acoustic  delay  line  70 
and  is,  therefore,  as  closely  matched  as  possible 

40  in  its  acoustic  impedance  to  that  of  the  borehole 
fluid.  The  linear  array  260  is  aligned  along  a 
cylindrical  surface  whose  curvature  is  preferably 
selected  commensurate  with  that  of  the  borehole 
wall  32  in  which  the  tool  is  expected  to  be  used. 

45  The  reflector  surface  266  normally  bears  an  angle 
of  about  45°  relative  to  the  direction  of  the 
acoustic  beams  from  the  transducers  64  and  the 
surface  269  of  tool  segment  21  .  The  size  of  recess 
262  and  thus  the  length,  I,  of  the  path  traveled  by 

so  the  acoustic  pulses  and  acoustic  returns  is 
selected  commensurate  with  the  delay  desired  as 
previously  explained  with  reference  to  delay  line 
70. 

Figs.  14  and  15  illustrate  yet  another  linear  array 
55  280  of  acoustic  transducers  64.  The  array  280  is 

formed  of  a  pair  of  arrays  as  shown  in  Figs.  11 
with  reflecting  surfaces  282,  284  in  adjacent 
recesses  286,  288.  The  recesses  286,  288  are  filled 
with  acoustic  impedance  matching  and  delay 

60  material  268.  The  array  280  enables  a  close 
spacing  of  the  acoustic  transducers  64,  and  as 
shown  in  Fig.  15,  a  contiguous  acoustic  investiga- 
tion  of  the  stand-off  in  the  borehole  wall  area 
opposite  the  electrical  array  28. 

65  In  Fig.  16  an  acoustic  transducer  array  290  is 
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shown  suitable  for  use  with  an  electrode  array  28. 
rhe  array  290  is  formed  with  a  layer  292  of  acoustic 
)ulse  generating  material  overlying  and  attached 
o  an  acoustic  absorbent  layer  294.  Layer  292  is 
scribed  to  divide  it  into  separately  excitable  trans- 
ducers  64,  each  of  which  generates  a  beam  of 
acoustic  energy  through  delay  line  layer  70'. 

Determination  of  the  presence  of  a  tilt  condition 
as  illustrated  in  Fig.  5A  can  be  made  as  well  as  for  a 
ift-off  condition  where  a  lateral  side  of  the  tool 
segment  21  is  lifted  away  from  the  borehole  wall 
32.  The  tilt  condition  can  be  derived  from  a 
;onsistent  difference  over  some  depth  in  the 
stand-off  measured  by  vertically  spaced  and 
generally  aligned  stand-off  investigating  trans- 
ducers  64.1  and  64.1  1  for  example.  Similarly  a  lift- 
Dff  condition  can  be  detected  from  a  consistent 
difference  in  the  stand-off  measured  by  laterally 
spaced  transducers  such  as  64.1  and  64.10. 

Having  thus  described  an  apparatus  and  method 
:or  determining  the  stand-off  of  a  borehole  tool 
segment  from  which  a  stand-off  sensitive  para- 
meter  is  measured,  the  advantages  of  the  inven- 
tion  can  be  appreciated. 

Description  of  the  embodiments  herein  are, 
therefore,  to  be  illustrative  of  the  invention,  the 
scope  of  which  is  to  be  determined  by  the  follow- 
ing  claims. 

Claims 

1.  A  method  for  investigating  earth  formations 
penetrated  by  a  borehole  by  means  of  a  tool 
adapted  for  displacement  in  the  borehole,  com- 
prising  the  steps  of: 

pressing  a  first  array  (28)  of  measurement 
devices  (30),  carried  by  said  tool  (20),  against  the 
borehole  wall  (32)  while  moving  said  tool  through 
the  borehole,  and  producing  from  said 
measurement  devices  meaurements  to  investi- 
gate  the  formation  along  a  first  circumferential 
segment  of  the  borehole  wall  with  such  a  high 
spatial  resolution  that  fine  details  of  the  borehole 
wall  such  as  a  fracture  or  a  boundary  between  thin 
beds  can  be  detected;  and 

pressing  against  the  borehole  wall  a  second 
array  of  acoustic  measurement  devices  (64)  which 
is  carried  by  said  tool  and  moved  through  the 
borehole  in  unison  with  the  first  array  (28),  and  by 
means  of  said  second  array,  directing  pulses  of 
acoustic  energy  toward  the  borehole  wall,  detect- 
ing  acoustic  reflections  caused  by  the  pulses  of 
acoustic  energy  as  these  are  incident  upon  an 
interface  between  media  of  contrasting  acoustic 
impedances,  and  producing  second 
measurements  indicative  of  the  stand-off  (SO) 
from  the  borehole  wall  (32)  along  a  second 
circumferential  segment  of  the  borehole  wall 
substantially  aligned  with  said  first  segment,  with 
a  spatial  resolution  commensurate  with  that  of  the 
first  measurements,  the  second  array  and  the  first 
array  being  sufficiently  close  to  each  other,  as 
determined  in  the  longitudinal  direction  of  the  tool 
to  enable  accurate  depth  correlation  of  the 
measurements  obtained  with  the  first  array  with 

the  measurements  ootainea  witn  tne  secona 
array,  whereby  the  measurements  from  the  first 
array  can  be  corrected  for  the  stand-off  opposite 
the  respective  devices  from  which  they  are  pro- 

5  duced. 
2.  The  method  of  claim  1,  wherein  the  spatial 

resolution  in  said  first  and  second  arrays  is  on  the 
order  of  millimeters. 

3.  The  method  of  any  one  of  claims  1  and  2, 
'0  wherein  the  first  measurements  are  produced  by 

activating  electrodes  (30)  in  the  first  array  to  inject 
survey  currents  into  the  formation  and  measuring 
the  survey  currents  flowing  from  individual  elec- 
trodes. 

15  4.  The  method  of  claim  3,  wherein  survey 
currents  are  injected  from  multiple  rows  of  said 
electrodes  into  contiguous  areas  of  the  borehole 
wall  comprising  corresponding  circumferentially 
aligned  wall  segments. 

>o  5.  The  method  of  any  one  of  claims  1  to  4, 
wherein  the  second  measurements  are  produced 
by  activating  acoustic  transducers  (64)  in  said 
second  array  to  inject  beams  of  energy  in  the  form 
of  pulses  into  said  second  segment  and  detecting 

25  by  means  of  said  transducers  respective  acoustic 
energy  reflections  (102)  caused  by  said  pulses 
received  from  said  second  segment,  the  travel 
times  of  said  pulses  being  indicative  of  the  stand- 
off. 

so  6.  The  method  of  claim  5,  characterized  by  steps 
of: 

directing  first  acoustic  test  pulses  from  a  first 
calibrating  transducer  (74)  at  a  first  target  (130)  on 
the  tool  having  a  fixed  known  position  relative  to 

35  the  first  calibrating  transducer;  detecting  reflec- 
tions  (100)  of  said  test  pulses  from  the  target; 

determining,  from  said  detected  reflections, 
signals  representative  of  the  calibration  of  the 
stand-off  investigating  transducers  as  a  function  of 

40  depth; 
directing  second  acoustic  test  pulses  from  afluid 

measuring  transducer  (76)  through  borehole  fluid 
at  a  second  target  (132)  on  the  tool  having  a  known 
distance  from  said  fluid  measuring  transducer; 

45  detecting  reflections  (140)  from  said  second 
target; 

determining,  from  said  latter  reflections,  signals 
representative  of  the  acoustic  velocity  of  the  fluid 
in  the  borehole  as  a  function  of  depth,  and 

so  modifying  the  stand-off  indication  to  derive  stand- 
off  measurements  which  are  corrected  for  effects 
of  the  borehole  environement  on  the 
measurements  of  the  stand-off  investigating 
transducers  (64). 

55  7.  The  method  as  claimed  in  claims  5  or  6, 
characterized  by  the  step  of  directing  acoustic 
pulses  from  locations  both  above  (64.11,  64.12) 
and  below  (64.1—10)  the  first  array  (28),  as  viewed 
along  the  direction  of  movement  of  said  tool, 

60  whereby  the  derived  acoustic  travel  times  are  also 
indicative  of  vertical  tool  tilt. 

8.  An  apparatus  for  investigating  the  earth 
formations  penetrated  by  a  borehole,  comprising: 

a  tool  segment  (21)  adapted  for  engagement 
65  with  the  wall  (32)  of  the  borehole; 
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a  first  array  (28)  of  measurement  devices  (30) 

mounted  on  the  tool  segment  to  obtain  a  first  type 
of  energy  measurements  representative  of  an 
investigation  of  the  earth  formations  with  a 
desired  circumferential  resolution,  said  first  array 
of  devices  being  spread  along  a  selected  survey 
direction  over  a  distance  which  is  greater  than  the 
dimension  of  a  single  one  of  said  devices  along 
said  survey  direction,  said  first  measurements 
being  of  such  a  high  resolution  that  fine  details  of 
the  borehole  wall  such  as  a  fracture  or  a  boundary 
between  thin  beds  can  be  detected; 

a  second  array  (66)  of  acoustic  measurement 
devices  (64)  mounted  on  the  same  tool  segment 
as  the  first  array  (28),  and  in  circumferentially 
aligned  positions  therewith,  to  obtain  second 
high  resolution  energy  measurements  indicative 
of  the  stand-off  (SO)  of  the  pad  from  the  borehole 
wall,  said  second  array  of  acoustic  devices  being 
spread  along  said  selected  survey  direction  over  a 
distance  which  is  greater  than  the  dimension  of  a 
single  one  of  said  second  devices  along  said 
survey  direction,  the  number  of  second  devices  in 
the  second  array  being  selected  to  provide  a 
spatial  resolution  that  is  generally  commensurate 
with  the  spatial  resolution  of  the  first  array  and 
said  second  array  of  devices  being  located  in 
sufficiently  close  proximity  to  the  first  array  on 
the  pad  so  as  to  enable  precise  spatial  correlation 
of  respective  high  resulution  mesaurements 
made  with  the  first  and  second  arrays. 

9.  The  apparatus  as  claimed  in  claim  8,  wherein 
the  first  and  second  arrays  provide 
measurements  with  a  resolution  on  the  order  of 
millimeters. 

10.  The  apparatus  as  claimed  in  claim  8  or  claim 
9,  wherein  the  first  array  is  formed  of  current 
emitting  electrodes  (30). 

11.  The  apparatus  of  claim  10,  wherein  said 
electrodes  have  a  dimension  of  about  5  mm. 

12.  The  apparatus  of  any  one  of  claims  9  to  11, 
wherein  the  acoustic  transducers  (64)  have  a 
dimension  of  about  6  mm. 

13.  The  apparatus  of  any  one  of  claims  8  to  12, 
comprising  acoustic  transducers  located  above 
and  below  the  first  array  (28)  of  measurement 
devices. 

14.  The  apparatus  of  claim  13,  wherein  the 
arrangement  of  acoustic  transducers  includes  a 
inear  array  (66)  of  transducers  (64.1—10)  located 
an  one  side  of  the  first  array  (28),  and  additional 
:ransducers  (64.11,  64.12)  located  on  the  other 
side  of  the  first  array,  as  viewed  in  the  longi- 
:udinal  direction  of  the  tool. 

3atentanspriiche 

1.  Verfahren  zur  Untersuchung  der  von  einem 
3ohrloch  durchdrungenen  Erdformationen  mit- 
:els  eines  zur  Verschiebung  in  dem  Bohrloch 
geeigneten  MeGgerates,  umfassend  die  Schritte: 

Driicken  einer  ersten,  von  dem  MelSgerat  (20) 
getragenen  Anordnung  (28)  von  MeBvorrichtun- 
gen  (30)  gegen  die  Bohrlochwand,  wahrend  das 
VlelSgerat  durch  das  Bohrloch  bewegt  wird,  und 

Ausfuhren  von  Messungen  von  den  MeEvorrich- 
tungen  zur  Untersuchung  der  Formation  entlang 
eines  ersten  Umfangsegments  der  Bohrlochwand 
mit  einer  derart  hohen  raumlichen  Auflosung, 

5  daR  feine  Details  der  Bohrlochwand,  wie  ein 
Bruch  oder  eine  Grenze  zwischen  dunnen  Schich- 
ten,  entdeckt  werden  konnen;  und 

Driicken  einer  zweiten  Anordnung  von  akusti- 
schen  MelSvorrichtungen  (64),  die  von  dem  MelS- 

10  gerat  getragen  und  im  Gleichlauf  mit  der  ersten 
Anordnung  (28)  durch  das  Bohrloch  bewegt 
werden,  gegen  die  Bohrlochwand  und  Richten 
von  Impulsen  akustischer  Energie  auf  die  Bohr- 
lochwand  mittels  der  zweiten  Anordnung,  Erfas- 

15  sen  von  Schallreflektionen,  verursacht  durch  die 
Impulse  akustischer  Energie,  da  diese  auf  eine 
Grenzflache  zwischen  Medien  gegensatzlicher 
akustischer  Impedanz  fallen,  und  Ausfuhren  zwei- 
ter  Messungen  indikativ  fur  den  Abstand  (50)  von 

20  der  Bohrlochwand  (32)  entlang  eines  im  wesent- 
lichen  mit  dem  ersten  Segment  ausgerichteten 
Zweiten  Umfangssegments  der  Bohrlochwand 
mit  einer  raumlichen  Auflosung  entsprechend  der 
der  ersten  Messungen,  wobei  die  zweite  Anord- 

25  nung  und  die  erste  Anordnung  ausreichend  nahe 
zueinander  sind,  wie  in  Langsrichtung  des  MelS- 
gerates  bestimmt,  urn  eine  Genauigkeitstiefen- 
korrelation  der  mit  der  ersten  Anordnung  erhalte- 
nen  Messungen  mit  den  mit  der  zweiten  Anord- 

30  nung  erhaltenen  Messungen  zu  erlauben,  wobei 
die  Messungen  von  der  ersten  Anordnung  korri- 
giert  werden  konnen  fur  den  Abstand  gegeniiber 
den  jeweiligen  Vorrichtungen,  von  denen  sie  aus- 
gefuhrt  werden. 

35  2.  Verfahren  nach  Anspruch  1,  wobei  die  raum- 
liche  Auflosung  in  der  ersten  und  zweiten  Anord- 
nung  in  der  GroRenordnung  von  Millimetern 
liegt. 

3.  Verfahren  nach  Anspruch  1  oder  2,  wobei  die 
w  ersten  Messungen  ausgefuhrt  werden  durch  Akti- 

vieren  von  Elektroden  (30)  in  der  ersten  Anord- 
nung  zur  Einspeisung  von  Vermessungsstrdmen 
in  die  Formation  und  Messen  der  Vermessungs- 
trome,  die  von  den  einzelnen  Elektroden  flielSen. 

45  4.  Verfahren  nach  Anspruch  3,  wobei  Vermes- 
sungsstrome  von  mehreren  Reihen  an  Elektroden 
eingespeist  werden  in  angrenzende  Bereiche  der 
Bohrlochwand,  die  entsprechend  peripheral  aus- 
gerichtete  Wandsegmente  umfafct. 

50  5.  Verfahren  nach  einem  der  Anspruche  1  bis  4, 
wobei  die  zweiten  Messungen  ausgefuhrt  werden 
durch  Aktivieren  von  akustischen  Signalgebern 
(64)  in  der  zweiten  Anordnung  zum  Einspeisen 
von  Energiebtindeln  in  Form  vom  Impulsen  in  das 

55  zweite  Segment  und  Erfassen  mittels  der  Signal- 
geber  von  jeweiligen  akustischen  Energiereflek- 
tionen  (102),  verursacht  von  Impulsen  erhalten 
von  dem  zweiten  Segment,  wobei  die  Laufzeiten 
der  Impulse  ein  Hinweis  sind  fur  den  Abstand. 

;o  6.  Verfahren  nach  Anspruch  5,  gekennzeichnet 
durch  die  Schritte: 

Richten  erster  akustischer  Testimpulse  von 
einem  ersten  Eich-Signalgeber  (74)  auf  ein  erstes 
Ziel  (130)  an  dem  MelSgerat,  das  eine  feste 

>5  bekannte  Position  zu  dem  ersten  Eich-Signalge- 

0 
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)er  besitzt;  Erfassen  von  Reflektionen  (100)  der 
restimpulse  von  dem  Ziel; 

Ermitteln  von  Signalen  von  den  erfafcten 
Reflektionen,  die  reprasentativ  sind  fur  die 
Eichung  der  den  Abstand  untersuchenden  Signal- 
geber  als  eine  Funktion  der  Tiefe; 

Richten  zweiter  akustischer  Testimpulse  von 
3inem  ein  Fluid  messenden  Signalgeber  (76) 
durch  Bohrlochfiussigkeit  auf  ein  zweites  Ziel 
132)  an  dem  MelSgerat,  das  einen  bekannten 
\bstand  von  dem  Fluidmessenden  Signalgeber 
Desitzt; 

Erfassen  von  Reflektionen  (140)  von  dem  zwei- 
:en  Ziel; 

Ermitteln  von  Signalen  von  letzteren  Reflektio- 
nen,  die  reprasentativ  sind  fur  die  Schallge- 
schwindigkeit  des  Fluids  in  dem  Bohrloch  als  eine 
:unktion  der  Tiefe,  und  Andern  der  Abstandsan- 
gabe  zum  Ableiten  von  Abstandsmessungen,  die 
<orrigiert  sind  fur  Einflusse  der  Bohrlochumge- 
Dung  auf  die  Messungen  der  den  Abstand  unter- 
suchenden  Signalgebern  (64). 

7.  Verfahren  nach  Anspruch  5  oder  6,'gekenn- 
zeichnet  durch  den  Schritt  des  Richtens  akusti- 
scher  Impulse  von  Orten  oberhalb  (64.11,  64.12) 
sowie  unterhalb  (64.1—10)  der  ersten  Anordnung 
[28),  gesehen  in  Bewegungsrichtung  des  MelSge- 
rats,  wobei  die  abgeleiteten  akustischen  Laufzei- 
ten  auch  indikativ  sind  fur  eine  vertikale  MelSge- 
ratneigung. 

8.  Gerat  zur  Untersuchung  der  von  einem  Bohr- 
loch  durchdrungenen  Erdformationen,  umfas- 
send: 

Ein  MeSgeratsegment  (21),  das  fur  einen  Ein- 
griff  mit  der  Wand  (32)  des  Bohrlochs  geeignet 
ist; 

eine  erste  Anordnung  (28)  von  MeBvorrichtun- 
gen  (30),  die  auf  dem  MelSgeratsegment  ange- 
ordnet  sind,  zum  Gewinnen  einer  ersten  Art  von 
Energiemessungen  reprasentativ  fur  eine  Unter- 
suchung  der  Erdformationen  mit  einer  gewiinsch- 
ten  Umfangsauflosung,  wobei  die  erste  Anord- 
nung  von  Vorrichtungen  sich  ausbreitet  entlang 
einer  gewahlten  Vermessungsrichtung  uber  eine 
Distanz,  die  grofcer  ist  als  die  Abmessung  einer 
einzelnen  dieser  Vorrichtungen  entlang  der  Ver- 
messungsrichtung,  und  die  ersten  Messungen 
eine  derart  hohe  Auflosung  haben,  dalS  feine 
Details  der  Bohrlochwand,  wie  ein  Bruch  oder 
eine  Grenze  zwischen  dunnen  Schichten,  festge- 
stellt  werden  konnen; 

eine  zweite  Anordnung  (66)  von  akustischen 
MelXinstrumenten  (64),  angeordnet  auf  dem  glei- 
chen  MeSgeratsegment  wie  die  erste  Anordnung 
(28)  und  in  peripheral  ausgerichteten  Positionen 
dazu,  um  zweite  Hochauflosungsenergiemessun- 
gen  indikativ  fur  den  Abstand  (SO)  des  Kissens 
von  der  Bohrlochwand  zu  erhalten,  wobei  die 
zweite  Anordnung  der  akustischen  Vorrichtungen 
sich  ausbreitet  entlang  der  gewahlten  Vermes- 
sungsrichtung  uber  eine  Distanz,  die  grolSer  ist  als 
die  Abmessung  einer  einzelnen  der  zweiten  Vor- 
richtung  entlang  der  Vermessungsrichtung,  und 
die  Zahl  der  zweiten  Vorrichtungen  in  der  zweiten 
Anordnung  sind  ausgewahlt  zur  Bereitstellung 

einer  raumlichen  Auflosung,  aie  im  wesentncnen 
vergleichbar  ist  mit  der  raumlichen  Auflosung  der 
ersten  Anordnung,  und  die  zweite  Anordnung  der 
Vorrichtungen  in  ausreichend  naher  Nachbar- 

5  schaft  zu  der  ersten  Anordnung  auf  dem  Kissen 
angeordnet  ist,  derart,  dalS  eine  genaue  raumliche 
Korrelation  der  mit  der  ersten  und  zweiten  Anord- 
nung  gemachten  jeweiligen  Hochauflosungsmes- 
sungen  moglich  ist. 

<o  9.  Gerat  nach  Anspruch  8,  wobei  die  erste  und 
zweite  Anordnung  Messungen  mit  einer  Auflo- 
sung  in  der  GroBenordnung  von  Millimetern  lie- 
fern. 

10.  Gerat  nach  Anspruch  8  oder  9,  wobei  die 
rs  erste  Anordnung  aus  stromemittierenden  Elektro- 

den  (30)  besteht. 
11.  Gerat  nach  Anspruch  10,  wobei  diese  Elek- 

troden  eine  Abmessung  um  5  mm  besitzen. 
12.  Gerat  nach  einem  der  Anspruche  9  bis  11, 

w  wobei  die  akustischen  Signalgeber  (64)  eine 
Abmessung  um  6  mm  besitzt. 

13.  Gerat  nach  einem  der  Anspruche  8  bis  12, 
umfassend  akustische  Signalgeber,  die  oberhalb 
und  unterhalb  der  ersten  Anordnung  (28)  der 

25  MelSvorrichtungen  angeordnet  sind. 
14.  Gerat  nach  Anspruch  13,  wobei  die  Anord- 

nung  der  akustischen  Signalgeber  eine  auf  einer 
Seite  der  ersten  Anordnung  (28)  angeordnete 
linienformige  Anordnung  (66)  von  Signalgebern 

30  (64.1—10)  und  auf  der  anderen  Seite  der  ersten 
Anordnung  zusatzliche  Signalgeber  (64.11,  64.12) 
umfaSt,  betrachtet  in  Langsrichtung  des  MelSge- 
rats. 

35  Revendications 

1.  Procede  pour  etudier  des  formations  terres- 
tres  traversees  par  un  trou  de  sondage  au  moyen 
d'un  outil  adapte  pour  etre  deplace  dans  le  trou 

40  de  sondage,  comprenant  les  etapes  de: 
application  d'un  premier  reseau  (28)  d'appareils 

de  mesure  (30),  porte  par  ledit  outil  (20),  contre  la 
paroi  du  trou  de  sondage  (32)  tout  en  deplagant 
cet  outil  dans  le  trou  de  sondage  et  production,  a 

45  partir  de  ces  appareils  de  mesure,  de  mesures 
pour  etudier  la  formation  le  long  d'un  premier 
segment  circonferentiel  de  la  paroi  du  trou  de 
sondage,  avec  une  resolution  spatiale  elevee  telle 
que  des  details  fins  de  la  paroi  du  trou  de 

so  sondage,  tels  qu'une  fracture  ou  une  limite  entre 
des  bands  minces,  pouvent  etre  detectes  et 

application  contre  la  paroi  du  trou  de  sondage 
d'un  deuxieme  reseau  d'appareils  de  mesure 
acoustique  (64)  qui  est  porte  par  ledit  outil  et  est 

55  deplace  dans  le  trou  de  sondage,  a  I'unisson  avec 
le  premier  reseau  (28)  et,  au  moyen  dudit 
deuxieme  reseau,  envoi  d'impulsions  d'energie 
acoustique  vers  la  paroi  du  trou  de  sondage, 
detection  de  reflexions  acoustiques  causees  par 

60  les  impulsions  d'energie  acoustique  a  I'incidence 
de  celles-ci  sur  une  interface  entre  des  milieux 
d'impedances  acoustiques  contrastees  et  produc- 
tion  de  deuxiemes  mesures  indicatives  de  I'ecar- 
tement  (E)  vis-a-vis,  de  la  paroi  du  trou  de  son- 

65  dage  (32),  le  long  d'un  deuxieme  segment  circon- 

11 



21 EP  0  089  892  B1 22 
terentiel  de  la  paroi  de  trou  de  sondage  sensible- 
ment  aligne  avec  ledit  premier  segment,  avec  une 
resolution  spatiale  du  meme  ordre  de  grandeur 
que  celle  des  premieres  mesures,  le  deuxieme 
reseau  et  le  premier  reseau  etant  suffisamment 
proches  I'un  de  I'autre,  par  rapport  a  la  direction 
longitudinale  de  I'outil,  pour  permettre  une  corre- 
lation  en  profondeur  precise  des  mesures  obte- 
nues  avec  le  premier  reseau  avec  les  mesures 
obtenues  avec  le  deuxieme  reseau,  de  telle  sorte 
que  les  mesures  en  provenance  du  premier 
reseau  peuvent  etre  corrigees  des  effets  de  I'ecar- 
tement  sur  la  base  de  la  valeur  de  I'ecartement  au 
droit  des  appareils  respectifs  a  partir  desquels 
elles  sont  produites. 

2.  Procede  selon  la  revendication  1,  dans  lequel 
la  resolution  spatiale  dans  lesdits  premier  et 
deuxieme  reseaux  est  de  I'ordre  de  quelques 
millimetres. 

3.  Procede  selon  les  revendications  1  et  2,  dans 
lequel  les  premieres  mesures  sont  produites  en 
activant  des  electrodes  (30)  dans  le  premier 
reseau,  pour  injecter  des  courants  d'investigation 
dans  la  formation  et  en  mesurant  les  courants 
d'investigation  circulant  a  partir  d'electrodes  indi- 
viduelles. 

4.  Procede  selon  la  revendication  3,  dans  lequel 
des  courants  d'investigation  sont  injectes  a  partir 
de  rangees  multiples  desdites  electrodes  dans 
des  surfaces  contigties  de  la  paroi  du  trou  de 
sondage  comprenant  des  segments  de  paroi  cor- 
respondents  alignes  circonferentiellement. 

5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  dans  lequel  les  deuxiemes  mesures 
sont  produites  en  activant  des  transducteurs 
acoustiques  (64)  dans  ledit  deuxieme  reseau, 
pour  injecter  des  faisceaux  d'energie  sous  la 
forme  d'impulsions  dans  ledit  deuxieme  segment 
et  en  detectant  au  moyen  desdits  transducteurs 
des  reflexions  d'energie  acoustique  respectives 
(102)  causees  par  lesdites  impulsions  regues 
dudit  deuxieme  segment,  les  temps  de  parcours 
desdites  impulsions  etant  indicatifs  de  I'ecarte- 
ment. 

6.  Procede  selon  la  revendication  5,  caracterise 
par  les  etapes  de: 

envoi  de  premieres  impulsions  d'essai  acousti- 
ques  a  partir  d'un  premier  transducteur  d'etalon- 
nage  (74)  vers  une  premiere  cible  (130)  sur  I'outil 
ayant  une  position  connue  et  fixe  par  rapport  au 
premier  transducteur  d'etalonnage; 

detection  de  reflexions  (100)  desdites  impul- 
sions  d'essai  en  provenance  de  la  cible; 

determination,  a  partir  desdites  reflexions 
detectees,  de  signaux  representatifs  de  I'etalon- 
nage  des  transducteurs  sensibles  a  I'ecartement 
3n  fonction  de  la  profondeur; 

envoi  de  deuxiemes  impulsions  d'essai  acousti- 
ques  a  partir  d'un  transducteur  de  mesure  de 
Fluide  (76)  a  travers  de  fluide  du  trou  de  sondage 
/ers  une  deuxieme  cible  (132)  sur  I'outil  situee  a 
jne  distance  connue  dudit  transducteur  de 
mesure  de  fluide; 

detection  de  reflexions  (140)  en  provenance  de 
cette  deuxieme  cible; 

determination,  a  partir  desdites  dernieres 
reflexions,  de  signaux  representatifs  de  la  vitesse 
acoustique  du  fluide  dans  le  trou  de  sondage  en 
fonction  de  la  profondeur,  et  modification  de 

5  I'indication  d'ecartement  de  maniere  a  obtenir 
des  mesures  d'ecartement  qui  sont  corrigees 
quant  aux  effets  du  milieu  occupant  le  trou  de 
sondage  sur  les  mesures  des  transducteurs  sensi- 
bles  a  I'ecartement  (64). 

10  7.  Procede  selon  la  revendication  5  ou  6, 
caracterise  par  I'etape  d'envoi  d'impulsions 
acoustiques  a  partir  d'emplacements  a  la  fois  au- 
dessus  (64.11,  64.12)  et  au-dessous  (64.1—10)  du 
permier  reseau  (28),  observes  selon  la  direction 

15  du  mouvement  dudit  outil,  de  telle  sorte  que  les 
temps  de  parcours  acoustiques  obtenus  sont 
aussi  indicatifs  de  I'inclinaison  de  I'outil  par  rap- 
port  a  la  verticale. 

8.  Dispositif  pour  etudier  les  formations  terres- 
20  tres  traversees  par  un  trou  de  sondage,  compre- 

nant: 
un  segment  d'outil  (21)  agence  pour  le  contact 

avec  la  paroi  (32)  du  trou  de  sondage; 
un  premier  reseau  (28)  d'appareils  de  mesure 

25  (30)  monte  sur  le  segment  d'outil  pour  obtenir  un 
premier  type  de  mesures  d'energie  representatif 
d'une  etude  des  formations  terrestres  avec  une 
resolution  circonferentielle  desiree,  ledit  premier 
reseau  d'appareils  s'etendant  le  long  d'une  direc- 

30  tion  d'investigation  donnee,  sur  une  distance  qui 
est  superieure  a  la  dimension  d'un  seul  de  ces 
appareils  le  long  de  cette  direction,  lesdites  pre- 
mieres  mesures.  ayant  une  resolution  elevee  telle 
que  des  details  fins  de  la  paroi  du  trou  de 

35  sondage,  tels  qu'une  fracture  ou  une  limite  entre 
des  bancs  minces,  peuvent  etre  detectes; 

un  deuxiemes  reseau  (66)  d'appareils  de 
mesure  acoustiques  (64)  monte  sur  le  meme 
segment  d'outil  que  le  premier  reseau  (28)  et  dans 

40  des  positions  alignees  circonferentiellement  avec 
lui,  pour  obtenir  les  deuxiemes  mesures  d'ener- 
gie  a  resolution  elevee,  indicatives  de  I'ecarte- 
ment  (E)  entre  le  patin  et  la  paroi  du  trou  de 
sondage,  ledit  deuxieme  reseau  d'appareils 

45  acoustiques  s'etendant  le  long  de  ladite  direction 
donnee  sur  une  distance  qui  est  superieure  a  la 
dimension  d'un  seul  desdits  deuxiemes  appareils 
le  long  de  ladite  direction,  le  nombre  des 
deuxiemes  appareils  dans  le  deuxieme  reseau 

so  etant  choisi  pour  fournir  une  resolution  spatiale 
qui  est  generalement  du  meme  ordre  de  grandeur 
que  la  resolution  spatiale  du  premier  reseau  et 
ledit  deuxieme  reseau  d'appareils  etant  situe 
dans  une  proximite  suffisante  du  premier  reseau 

55  sur  le  patin,  pour  permettre  une  correlation  spa- 
tiale  precise  des  mesures  a  resolution  elevee 
respectives  faites  avec  les  premier  et  deuxieme 
reseaux. 

9.  Dispositif  selon  la  revendication  8,  dans 
so  lequel  les  premier  et  deuxieme  reseaux  fournis- 

sent  des  mesures  avec  une  resolution  de  I'ordre 
de  quelques  millimetres. 

10.  Dispositif  selon  I'une  quelconque  des  reven- 
dications  8  ou  9,  dans  lequel  le  premier  reseau  est 

55  forme  d'electrodes  emettrices  de  courant  (30). 

12 
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11.  Dispositif  selon  la  revendication  10,  dans  dessous  du  premier  resee 
equel  lesdites  electrodes  ont  une  dimension  mesure. 
fenviron  5  mm.  14.  Dispositif  selon  la  n 

12.  Dispositif  selon  I'une  quelconque  des  lequel  la  disposition  des  1 
•evendications  9  a  11,  dans  lequel  les  transduc-  5  ques  comporte  un  reseau 
:eurs  acoustiques  (64)  ont  une  dimension  d'en-  ducteurs  (64.1  —  10)  situe 
/iron  6  mm.  reseau  (28)  et  des  trans 

13.  Dispositif  selon  I'une  quelconque  des  (64.11,  64.12)  situes  de  I'c 
■evendications  8  a  12,  comprenant  des  trans-  reseau,  observes  selon  I. 
ducteurs  acoustiques  situes  au-dessus  et  au-  10  nale  de  I'outil. 
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iessous  du  premier  reseau  (28)  d  appareils  de 
nesure. 

14.  Dispositif  selon  la  revendication  13,  dans 
equel  la  disposition  des  transducteurs  acousti- 
ques  comporte  un  reseau  lineaire  (66)  de  trans- 
ducteurs  (64.1  —  10)  situe  d'un  cote  du  premier 
eseau  (28)  et  des  transducteurs  additionnels 
64.11,  64.12)  situes  de  I'autre  cote  du  premier 
eseau,  observes  selon  la  direction  longitudi- 
lale  de  I'outil. 
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