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(54)  Flow  testing  a  well. 

(57)  An  oil  or  gas  well  is  flow  tested  by  acoustic 
transmission  (68,70)  and  reception  (102)  de- 
vices  for  communicating  preferably  through  at 
least  5,000  feet  (1525m)  of  an  annular  column  of 
substantially  static  fluid  which  is  susceptible  to 
gelling  which  further  attenuates  the  acoustic 
signals.  The  apparatus  comprises  a  tubing 
string  (66)  including  a  packer  (92),  a  tester  valve 
(76).  an  actuator  (109)  therefor,  an  acoustic 
receiver  (102).  an  acoustic  transmitter  (68,70) 
and  control  means  (110)  responsive  to  the  re- 
ceiver  (102)  to  control  the  actuator  (109). 
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This  invention  relates  to  apparatus  for  flow  test- 
ing  a  deep  oil  or  gas  well. 

After  an  oil  or  gas  well  has  been  drilled,  a  drill 
stem  test  is  typically  performed  to  checkthe  pressure 
in  the  well  underflow  and  shut-in  conditions.  This  pro- 
vides  information  relevant  to  deciding  whether  to 
complete  the  well  for  producing  oil  or  gas  from  one  or 
more  formations  intersected  by  the  well.  Asimilar  pro- 
duction  test  is  sometimes  performed  on  a  well  that 
has  been  completed  and  put  on  production. 

A  formation  tester  valve  and  a  circulating  valve 
are  devices  typically  used  to  conduct  a  drill  stem  or 
production  test.  The  tester  valve  is  repeatedly  opened 
and  closed  to  allow  and  prevent  oil  or  gas  flow  from 
the  well  so  that  the  pressure  in  the  well  can  be 
checked  under  such  flow  and  shut-in  conditions.  A 
down  hole  recorder  or  gauge  can  record  the  data  for 
transmission  to  or  retrieval  at  the  surface.  After  the 
desired  cycling  of  the  tester  valve  has  been  complet- 
ed,  the  circulating  valve  is  opened  to  allow  fluid  to  be 
circulated  between  the  surface  and  downhole. 

Typically  these  valves  do  not  need  to  be  operated 
until  they  are  at  a  desired  depth  in  the  well.  Thus, 
there  is  the  need  for  some  way  to  operate  the  valves 
when  they  are  down  in  the  well.  Although  the  valves 
can  be  automatically  controlled  such  as  by  a  down- 
hole  microprocessor-  based  controller  so  that  they 
perform  desired  operations  at  predetermined  times, 
tester  and  circulating  valves  typically  need  to  perform 
their  functions  at  times  that  cannot  be  predetermined. 
In  this  case,  there  needs  to  be  some  way  of  commu- 
nicating  from  the  surface  a  command  signal  that  will 
initiate  or  otherwise  affect  operation  of  the  valves 
positioned  downhole. 

This  need  for  surface  to  downhole  communica- 
tion  has  been  well  recognized  in  the  oil  and  gas  indus- 
try,  and  many  techniques  have  been  proposed.  For 
example,  a  flow  testing  apparatus  can  be  lowered  into 
a  well  on  an  electrically  conductive  cable,  known  as 
a  wireline,  so  that  electrical  signals  can  be  transferred 
between  the  surface  and  the  apparatus  down  in  the 
well.  As  another  example,  the  flow  testing  apparatus 
can  be  lowered  into  a  well  as  part  of  a  pipe  string 
which  can  be  mechanically  manipulated  (reciprocated 
or  rotated)  to  operate  the  valves.  As  a  further  exam- 
ple,  pressure  signals  can  be  sent  through  fluid  in  the 
pipe  string  or  in  an  annulus  around  the  pipe  string. 

These  prior  techniques  have  shortcomings.  For 
example,  the  wireline  and  pipe  string  manipulation 
techniques  call  for  special  sealing  requirements  at  the 
mouth  of  the  well  where  the  movable  wireline  or  pipe 
string  passes  into  the  well,  and  the  pressure  signaling 
technique  requires  carefully  controlled  pump  opera- 
tion  at  the  surface  and  exerts  additional  pressure  on 
the  downhole  environment.  These  shortcomings  are 
especially  significant  in  a  subsea  well  where  the 
mouth  of  the  well  is  on  the  ocean  floor.  Using  mech- 
anical  manipulation,  it  also  is  difficult  to  determine 

how  much  weight  is  being  applied  to  obtain  the  de- 
sired  mechanical  response.  In  pressure  signaling,  the 
condition  of  the  well  fluid  providing  the  transmission 
medium  is  important  because  if  it  degrades,  the  pres- 

5  sure  signals  applied  at  the  mouth  of  the  well  will  be 
weak,  obscure  or  non-existent  downhole  where  the 
pressure-responsive  receiver  is.  All  of  these  techni- 
ques  require  a  significant  surface  disturbance,  which 
decreases  the  safety  of  the  overall  operation. 

10  We  have  now  devised  an  improved  flow  testing 
system  by  which  many  of  the  disadvantages  to  the 
prior  art  are  overcome.  The  new  system  of  the  pres- 
ent  invention  uses  acoustic  signals. 

In  one  aspect  the  invention  thus  provides  a  meth- 
15  od  of  flow  testing  a  well  in  which  downhole  valves  are 

controlled  by  acoustic  signals. 
Acoustic  technology  is  known  in  the  oil  and  gas 

industry;  however,  we  are  not  aware  of  its  use  as  part 
of  an  overall  flow  testing  system  or  method  described 

20  as  being  operative  at  subterranean  depths  of  at  least 
5,000  feet  (1525m).  It  is  at  these  depths  that  substan- 
tially  increased  attenuation  occurs  due  to  distance 
(regardless  of  the  subterranean  transmission  me- 
dium  used)  and  also  due  to  changes  in  the  column  of 

25  substantially  static  fluid  in  the  annulus  between  the 
pipe  string  and  the  well  (at  least  when  such  column 
of  fluid  is  the  transmission  medium).  Sending  acous- 
tic  signals  through  a  deep  column  of  substantially  sta- 
tic  fluid  is  significantly  different  from  transmitting 

30  through  a  moving  column  of  fluid  as  occurs  in  meas- 
urement-while-drilling  (MWD)  techniques  using 
acoustic  signaling.  For  example,  a  moving  column  of 
drilling  fluid  remains  substantially  mixed  and  thus 
substantially  homogeneous  throughout  its  height, 

35  whereas  in  a  column  of  substantially  static  fluid,  as 
exists  during  flow  testing,  settling  or  other  deteriora- 
tion  occurs  over  time  so  that  fluid  at  the  lower  end  of 
the  column  eventually  tends  to  "cook  out"  (gel)  as  it 
stands  in  the  high  temperature,  high  pressure  well  en- 

40  vironment  found  below  5,000  feet  (1525m),  and  par- 
ticularly  below  10,000  feet  (3050m).  This  changing 
composition  of  the  static  column  changes  the  trans- 
mission  characteristics  of  the  column  in  a  manner  not 
encountered  in  MWD  systems. 

45  According  to  the  present  invention,  there  is  pro- 
vided  apparatus  for  flow  testing  an  oil  or  gas  well, 
which  apparatus  comprises  a  tubing  string  to  be  dis- 
posed  in  the  well;  a  packer  to  be  disposed  between 
said  tubing  string  and  the  well  so  that  (in  use)  an  an- 

50  nulus  is  defined  between  said  tubing  string  and  the 
well  above  said  packer;  a  tester  valve  disposed  in  said 
tubing  string,  said  tester  valve  including  a  valve  mem- 
ber;  actuator  means,  disposed  in  said  tubing  string, 
for  moving  said  valve  member  between  open  and 

55  closed  positions;  acoustic  receiver  means,  disposed 
in  said  tubing  string,  for  receiving  an  acoustic  com- 
mand  signal  transmitted  (in  use)  in  a  column  of  sub- 
stantially  static  fluid  in  said  annulus;  control  means, 
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disposed  in  said  tubing  string  and  responsive  to  said 
acoustic  receiver  means,  for  controlling  said  actuator 
means;  and  acoustic  transmission  means  for  trans- 
mitting  (in  use)  said  acoustic  command  signal  through 
at  least  a  part  of  said  lower  section  of  said  column  of  5 
substantially  static  fluid  in  said  annulus  to  said  acous- 
tic  receiver  means. 

Although  in  its  broader  aspects,  the  acoustic 
transmission  can  be  through  any  downhole  medium, 
the  preferred  medium  is  a  fluid  column,  particularly  10 
the  annular  column  of  substantially  static  fluid  that  is 
susceptible  to  "cooking  out"  at  depths  of  5,000  feet 
(1525m)  and  below.  Use  of  the  present  invention 
does  not  require  any  adverse  physical  disturbance  at 
the  mouth  of  the  well;  specifically,  neither  movement  15 
of  a  wireline  or  of  a  tubing  string  nor  increase  in  fluid 
pressure  from  surface  pumps  is  required  during 
acoustic  communication.  Acoustic  data  transmission 
from  downhole  to  the  surface  can  also  be  implement- 
ed  in  the  present  invention.  Individual  downhole  tools  20 
can  be  selectively  operated. 

The  present  invention  provides  a  system  for  flow 
testing  an  oil  or  gas  well,  comprising:  packer  means 
for  separating  the  well  into  an  upper  portion  and  a 
lower  portion,  the  lower  portion  beginning  at  least  25 
5,000  feet  (1525m)  below  a  mouth  of  the  well  and  in- 
tersecting  a  formation  having  a  fluid  under  pressure; 
a  tester  valve  disposed  at  least  about  5,000  feet 
(1525m)  below  the  mouth  of  the  well  to  control  flow 
of  well  fluid  from  the  lower  portion  of  the  well;  gauge  30 
means  for  sensing  and  recording  at  least  pressure  of 
the  lower  portion  of  the  well  responsive  to  the  pres- 
sure  in  the  formation;  an  acoustic  receiver  disposed 
at  least  about  5,000  feet  (1525m)  below  the  mouth  of 
the  well  to  receive  an  acoustic  signal;  downhole  con-  35 
trol  means,  responsive  to  the  acoustic  receiver  in  the 
well,  for  generating  electrical  signals  for  controlling 
the  opening  and  closing  of  the  tester  valve;  and 
acoustic  transmission  means  for  transmitting  an 
acoustic  signal  from  at  least  the  mouth  of  the  well  to  40 
the  acoustic  receiver. 

The  present  invention  more  particularly  provides 
a  system  for  flow  testing  an  oil  or  gas  well,  comprising: 
a  tubing  string  disposed  in  the  well;  a  packer  disposed 
between  the  tubing  string  and  the  well  so  that  an  an-  45 
nulus  is  defined  between  the  tubing  string  and  the 
well  above  the  packer;  a  column  of  substantially  static 
fluid  in  the  annulus,  wherein  the  fluid  is  a  mixture  of 
liquid  and  solid  components  and  the  column  of  fluid 
has  a  lower  section  characterized  both  by  substantial-  50 
ly  increased  acoustic  attenuation  and  by  gelation  of 
the  mixture;  a  tester  valve  disposed  in  the  tubing 
string,  the  tester  valve  including  a  valve  member;  ac- 
tuator  means,  disposed  in  the  tubing  string,  for  mov- 
ing  the  valve  member  between  open  and  closed  pos-  55 
itions;  acoustic  receiver  means,  disposed  in  the  tub- 
ing  string,  for  receiving  an  acoustic  command  signal 
transmitted  in  the  column  of  substantially  static  fluid; 

control  means,  disposed  in  the  tubing  string  and  re- 
sponsive  to  the  acoustic  receiver  means,  for  control- 
ling  the  actuator  means;  and  acoustic  transmission 
means  for  transmitting  the  acoustic  command  signal 
through  at  least  a  part  of  the  lower  section  of  the  col- 
umn  of  substantially  static  fluid  to  the  acoustic  receiv- 
er  means. 

The  present  invention  provides  a  system  for  flow 
testing  an  oil  or  gas  well  having  wellhead  equipment, 
comprising:  an  acoustic  isolation  sub  connected  be- 
low  the  wellhead  equipment;  an  acoustic  repeaterdis- 
posed  in  the  well  below  the  isolation  sub,  the  acoustic 
repeater  including  means  for  receiving  attenuated 
acoustic  signals  and  transmitting  regenerated  acous- 
tic  signals;  a  tester  valve  disposed  in  the  well  below 
the  acoustic  repeater,  the  tester  valve  including  a 
valve  member;  force  coupling  means  for  coupling  a 
valve  operating  force  to  the  valve  member;  an  acous- 
tic  transmitter,  including  means  disposed  between 
the  acoustic  isolation  sub  and  the  acoustic  repeater 
for  transmitting  an  acoustic  command  signal  to  the 
acoustic  repeater  for  reception  and  retransmission  by 
the  acoustic  repeater;  an  acoustic  receiver,  including 
means  for  receiving  the  retransmitted  acoustic  com- 
mand  signal  from  the  acoustic  repeater;  and  control 
means,  disposed  in  the  well  and  responsive  to  the 
acoustic  receiver,  for  generating  electrical  control  sig- 
nals  to  control  the  force  coupling  means  so  that  the 
valve  member  of  the  tester  valve  is  operated  to  open 
and  close  the  tester  valve. 

The  present  invention  provides  a  system  for  flow 
testing  an  oil  or  gas  well  having  wellhead  equipment, 
comprising:  an  acoustic  repeater  disposed  in  the  well 
below  the  wellhead  equipment,  the  acoustic  repeater 
including  means  for  receiving  attenuated  acoustic  sig- 
nals  and  transmitting  regenerated  acoustic  signals;  a 
tester  valve  disposed  in  the  well  below  the  acoustic 
repeater,  the  tester  valve  including  a  valve  member; 
force  coupling  means  for  coupling  a  valve  operating 
force  to  the  valve  member;  an  acoustic  transmitter,  in- 
cluding  means  disposed  above  at  least  part  of  the 
wellhead  equipment  for  transmitting  an  acoustic  com- 
mand  signal  through  the  at  least  part  of  the  wellhead 
equipment  to  the  acoustic  repeater  for  reception  and 
retransmission  by  the  acoustic  repeater;  an  acoustic 
receiver  disposed  below  the  acoustic  repeater,  the 
acoustic  receiver  including  means  for  receiving  the 
retransmitted  acoustic  command  signal  from  the 
acoustic  repeater;  and  control  means,  disposed  in  the 
well  and  responsive  to  the  acoustic  receiver,  for  gen- 
erating  electrical  control  signals  to  control  the  force 
coupling  means  so  that  the  valve  member  of  the  tes- 
ter  valve  is  operated  to  open  and  close  the  tester 
valve. 

Most  particularly,  the  present  invention  provides 
a  system  for  flow  testing  a  subsea  oil  or  gas  well  at  a 
subterranean  depth  of  at  least  5,000  feet  (1525m), 
comprising:  a  small  diameter  (i.e.  nominal  diameter 
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not  greater  than  five  inches  (12.7cm))  tubing  string 
disposed  in  the  well;  packer  means,  connected  to  the 
tubing  string,  for  separating  the  well  into  an  upper  an- 
nular  portion  and  a  lower  portion,  the  lower  portion 
beginning  at  least  5,000  feet  (1  525m)  below  a  subsea 
mouth  of  the  well  and  intersecting  a  subterranean  for- 
mation  having  a  fluid  under  pressure;  a  column  of 
substantially  static  fluid  in  the  upper  annular  portion, 
wherein  the  fluid  is  a  mixture  of  liquid  and  solid  com- 
ponents  and  the  column  of  fluid  has  a  lower  section 
characterized  both  by  substantially  increased  acous- 
tic  attenuation  and  by  gelation  of  the  mixture;  a  small 
diameter  tester  valve  connected  to  the  tubing  string 
and  disposed  at  least  5,000  feet  (1525m)  below  the 
mouth  of  the  well  to  control  flow  of  fluid  from  the  lower 
portion  of  the  well  into  the  tubing  string;  small  diam- 
eter  gauge  means,  connected  to  the  tubing  string,  for 
sensing  and  recording  at  least  pressure  of  the  lower 
portion  of  the  well  responsive  to  the  pressure  in  the 
formation;  a  small  diameter  acoustic  receiver  con- 
nected  to  the  tubing  string  and  disposed  at  least  5,000 
feet  (1525m)  below  the  mouth  of  the  well  to  receive 
an  acoustic  signal;  small  diameter  downhole  control 
means,  connected  to  the  tubing  string  and  responsive 
to  the  acoustic  receiver  in  the  well,  for  generating 
electrical  signals  for  controlling  the  opening  and  clos- 
ing  of  the  tester  valve;  and  acoustic  transmission 
means  for  transmitting  an  acoustic  signal  through  the 
column  of  substantially  static  fluid  in  the  upper  annu- 
lar  portion  of  the  well,  including  at  least  a  part  of  the 
lower  section  of  the  column  of  fluid,  to  at  least  5,000 
feet  (1525m)  into  the  well  to  the  acoustic  receiver. 

The  present  invention  also  provides  a  method  of 
flow  testing  an  oil  or  gas  well  after  the  well  has  been 
drilled  to  a  depth  of  at  least  5,000  feet  (1525m),  com- 
prising:  (a)  after  drilling  has  stopped,  creating  a  col- 
umn  of  substantially  static  acoustic-attenuating  fluid 
in  the  well,  including  setting  a  packer  in  the  well  for 
separating  the  well  into  an  upper  portion  and  a  lower 
portion,  the  lower  portion  beginning  at  least  5,000 
feet  (1525m)  below  a  mouth  of  the  well  and  intersect- 
ing  a  formation  having  a  fluid  under  pressure  and  the 
upper  portion  containing  the  column  of  substantially 
static  fluid  so  that  fluid  in  at  least  a  lower  section  of 
the  column  is  heated  by  natural  heating  in  the  well  to 
a  temperature  at  which  the  fluid  at  least  begins  to  gel; 
(b)  after  step  (a),  transmitting  an  acoustic  command 
signal  from  the  mouth  of  the  well  into  the  column  of 
fluid,  including  at  least  part  of  the  lower  section  there- 
of,  so  that  the  acoustic  command  signal  is  coherently 
propagated  through  the  column  of  substantially  static 
acoustic-attenuating,  gelling  fluid  to  an  acoustic  re- 
ceiver  disposed  in  the  well  at  least  as  deep  as  the  low- 
er  section  of  the  column  of  fluid;  (c)  receiving  the  co- 
herently  propagated  acoustic  command  signal  in  the 
acoustic  receiver  and  generating  in  the  well  at  least 
one  control  signal  in  response  thereto;  and  (d)  oper- 
ating  a  tester  valve  in  response  to  the  at  least  one 

control  signal,  the  tester  valve  disposed  in  the  well  at 
least  as  deep  as  the  lower  section  of  the  column  of 
fluid  for  controlling  the  flow  of  fluid  from  the  lower 
portion  of  the  well  into  a  tubing  string  disposed  in  the 

5  well. 
In  order  that  the  invention  may  be  more  readily 

understood,  reference  is  made  to  the  accompanying 
drawings,  wherein: 

FIG.  1  is  a  schematic  elevational  view  of  a  prior 
10  type  of  well  test  string  disposed  in  a  subsea  oil  or  gas 

well. 
FIG.  2  is  a  schematic  elevational  view  of  a  prefer- 

red  embodiment  system  for  flow  testing  an  oil  or  gas 
well  of  the  present  invention. 

15  FIG.  2A  is  a  schematic  elevational  view  of  an  up- 
per  portion  of  an  alternative  FIG.  2  embodiment  hav- 
ing  an  acoustic  isolation  sub  and  an  acoustic  transmit- 
ter  connected  at  the  top  of  a  test  string. 

FIG.  3  is  a  schematic  elevational  view  of  another 
20  preferred  embodiment  system  for  flow  testing  an  oil 

or  gas  well  of  the  present  invention. 
FIG.  4  is  a  schematic  elevational  view  of  a  further 

embodiment  system  for  flow  testing  an  oil  or  gas  well 
of  the  present  invention. 

25  FIG.  5  is  a  schematic  elevational  view  of  a  still  fur- 
ther  embodiment  system  for  flow  testing  an  oil  or  gas 
well  of  the  present  invention. 

FIG.  6  is  a  block  diagram  of  downhole  control  and 
signal  transmission  elements  of  the  present  inven- 

30  tion. 
FIG.  7  is  a  block  diagram  of  one  downhole  acous- 

tic  receiver  and  one  downhole  controller  controlling 
multiple  downhole  working  apparatus. 

FIG.  8  is  a  block  diagram  of  one  downhole  receiv- 
35  er  connected  to  multiple  downhole  working  appara- 

tus,  each  of  which  working  apparatus  has  a  respec- 
tive  controller. 

FIG.  9  is  a  block  diagram  of  multiple  downhole 
working  apparatus  wherein  one  operates  another. 

40  During  the  course  of  drilling  an  oil  or  gas  well,  the 
borehole  is  filled  with  a  fluid  known  as  drilling  fluid  or 
drilling  mud.  One  of  the  purposes  of  this  drilling  fluid 
is  to  contain  in  intersected  formations  any  formation 
fluid  which  may  be  found  there.  To  contain  these  for- 

45  mation  fluids,  the  drilling  mud  is  weighted  with  vari- 
ous  additives  so  that  the  hydrostatic  pressure  of  the 
mud  at  the  formation  depth  is  sufficient  to  maintain 
the  formation  fluid  within  the  formation  without  allow- 
ing  it  to  escape  into  the  borehole.  Drilling  fluids  and 

so  formation  fluids  can  all  be  generally  referred  to  as 
well  fluids. 

When  it  is  desired  to  test  the  production  capabil- 
ities  of  the  formation  after  drilling  has  stopped,  a 
string  of  interconnected  pipe  sections  and  downhole 

55  tools  referred  to  as  a  test  string  is  lowered  into  the 
borehole  to  the  formation  depth  and  the  formation 
fluid  is  allowed  to  flow  into  the  string  in  a  controlled 
testing  program. 

4 
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Sometimes,  lower  pressure  is  maintained  in  the 
interior  of  the  test  string  as  it  is  owered  into  the  bore- 
hole.  This  is  usually  done  by  keeping  a  formation  tes- 
ter  valve  in  the  closed  position  near  the  lower  end  of 
the  test  string.  When  the  testing  depth  is  reached,  a 
packer  is  set  to  seal  the  borehole,  thus  closing  the 
formation  from  the  hydrostatic  pressure  of  the  drilling 
(or  other)  fluid  in  the  well  annulus  above  the  packer. 
The  formation  tester  valve  at  the  lower  end  of  the  test 
string  is  then  opened  and  the  formation  fluid,  free 
from  the  restraining  pressure  of  the  drilling  fluid,  can 
flow  into  the  interior  of  the  test  string. 

At  other  times,  the  conditions  are  such  that  it  is 
desirable  to  fill  the  test  string  above  the  formation  tes- 
ter  valve  with  liquid  as  the  test  string  is  lowered  into 
the  well.  This  may  be  for  the  purpose  of  equalizing  the 
hydrostatic  pressure  head  across  the  walls  of  the  test 
string  to  prevent  inward  collapse  of  the  pipe  and/or 
this  may  be  for  the  purpose  of  permitting  pressure 
testing  of  the  test  string  as  it  is  lowered  into  the  well. 

The  well  testing  program  includes  intervals  of  for- 
mation  flow  and  intervals  when  the  formation  is 
closed  in.  Pressure  recordings  are  taken  throughout 
the  program  for  later  analysis  to  determine  the  pro- 
duction  capability  of  the  formation.  If  desired,  a  sam- 
ple  of  the  formation  fluid  may  be  caught  in  a  suitable 
sample  chamber. 

At  the  end  of  the  well  testing  program,  a  circulat- 
ing  valve  in  the  test  string  is  opened,  formation  fluid 
in  the  testing  string  is  circulated  out,  the  packer  is  re- 
leased,  and  the  test  string  is  withdrawn. 

A  typical  arrangement  for  conducting  a  drill  stem 
test  offshore  is  shown  in  FIG.  1  .  The  present  invention 
may  also  be  used  on  wells  located  on  shore  and  for 
production  testing  (same  as  a  drill  stem  test  only  after 
the  well  has  been  completed  for  production). 

The  arrangement  of  the  offshore  system  includes 
a  floating  work  station  1  0  stationed  over  a  submerged 
well  site  12.  The  well  comprises  a  well  bore  14,  which 
typically  but  not  necessarily  is  lined  with  a  casing 
string  16  extending  from  the  submerged  well  site  12 
to  a  subterranean  formation  18. 

The  casing  string  16  includes  a  plurality  of  perfor- 
ations  19  at  its  lower  end.  These  provide  communica- 
tion  between  the  formation  18  and  a  lower  interior 
zone  or  annulus  20  of  the  well  bore  14. 

At  the  submerged  well  site  12  is  located  the  well- 
head  installation  22  which  includes  blowout  preventer 
mechanisms  23.  A  marine  conductor  24  extends  from 
the  wellhead  installation  22  to  the  floating  work  sta- 
tion  10.  The  floating  work  station  10  includes  a  work 
deck  26  which  supports  a  derrick  28.  The  derrick  28 
supports  a  hoisting  means  30.  Awellhead  closure  32 
is  provided  at  the  upper  end  of  the  marine  conductor 
24.  The  wellhead  closure  32  allows  for  lowering  into 
the  marine  conductor  24  and  into  the  well  bore  14  a 
formation  test  string  34  which  is  raised  and  lowered 
in  the  well  by  the  hoisting  means  30.  The  test  string 

34  may  also  generally  be  referred  to  as  a  tubing  string 
or  a  tool  string. 

A  supply  conductor  36  is  provided  which  extends 
from  a  hydraulic  pump  38  on  the  deck  26  of  the  float- 

5  ing  station  10  and  extends  to  the  wellhead  installation 
22  at  a  point  below  the  blowout  preventer  23  to  allow 
the  pressurizing  of  a  well  annulus  40  defined  between 
the  test  string  34  and  the  well  bore  14  or  the  casing 
16  if  present. 

10  The  test  string  34  includes  an  upper  conduit  string 
portion  42  extending  from  the  work  deck  26  to  the 
wellhead  installation  22.  Asubsea  test  tree  44  is  locat- 
ed  atthe  lower  end  of  the  upper  conduit  string  42  and 
is  landed  in  the  wellhead  installation  22. 

15  The  lower  portion  of  the  formation  test  string  34 
extends  from  the  test  tree  44  to  the  formation  18.  A 
packer  mechanism  46  isolates  the  formation  18  from 
the  fluids  in  the  well  annulus  40.  Thus,  an  interior  or 
tubing  string  bore  of  the  tubing  string  34  is  isolated 

20  from  the  upper  well  annulus  40  above  packer  46  un- 
less  other  communication  openings  are  provided. 
Also,  the  upper  well  annulus  40  above  packer  46  is 
isolated  from  the  lower  well  zone  20  which  is  often  re- 
ferred  to  as  the  rat  hole  20. 

25  A  perforated  tail  piece  48  provided  at  the  lower 
end  of  the  test  string  34  allows  fluid  communication 
between  the  formation  18  and  the  interior  of  the  tub- 
ular  formation  test  string  34. 

The  lower  portion  of  the  formation  test  string  34 
30  further  includes  intermediate  conduit  portion  50  and 

a  torque  transmitting  pressure  and  volume  balanced 
slip  joint  means  52.  An  intermediate  conduit  portion 
54  is  provided  for  imparting  packer  setting  weight  to 
the  packer  mechanism  46  at  the  lower  end  of  the 

35  string. 
It  is  many  times  desirable  to  place  near  the  lower 

end  of  the  test  string  34  a  circulating  valve  56.  Below 
circulating  valve  56  there  may  be  located  a  combina- 
tion  sampler  valve  section  and  reverse  circulating 

40  valve  58. 
Also  near  the  lower  end  of  the  formation  test 

string  34  is  located  a  formation  tester  valve  60.  Imme- 
diately  above  the  formation  testing  valve  60  there 
may  be  located  a  drill  pipe  tester  valve  62. 

45  A  pressure  recording  device  64  is  located  below 
the  formation  tester  valve  60.  The  pressure  recording 
device  64  is  preferably  one  which  provides  a  full  open- 
ing  passageway  through  the  center  of  the  pressure 
recorder  to  provide  a  full  opening  passageway 

so  through  the  entire  length  of  the  formation  testing 
string. 

Systems 

55  The  foregoing  describes  a  general  environment 
for  conducting  downhole  flow  tests  in  an  oil  or  gas  well 
and  is  germane  to  the  present  invention;  however,  the 
present  invention  is  particularly  adapted  for  use  in 

5 
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deep  wells  where  the  testing  is  to  occur  at  least  5,000 
feet  below  the  surface  through  which  the  mouth  of 
the  well  is  formed.  Attenuation  of  an  acoustic  signal 
transmitted  into  a  well  is  an  exponential  function,  and 
below  5,000  feet  the  calculated  attenuation  is  in  a  re-  5 
gion  of  particularly  fast  decay. 

Not  only  is  acoustic  signal  attenuation  great  at 
such  depths  due  simply  to  distance,  but  also  attenu- 
ation  can  be  exacerbated  by  the  deteriorating  nature 
of  the  column  of  substantially  static  fluid  intheannu-  10 
lus  between  the  test  string  and  the  well  bore  or  cas- 
ing.  Although  the  column  itself  is  static  as  opposed  to 
the  flowing  or  moving  column  encountered  in  MWD 
work,  the  liquid  and  solid  components  or  constituents 
in  the  static  column  tend  to  separate  (thus  the  "sub-  15 
stantially  static"  nature  of  the  fluid).  This  deterioration 
is  particularly  significant  below  5,000  feet  (1525m) 
and  especially  below  1  0,000  feet  (3050m)  where  tem- 
peratures  can  be  at  least  325-350°F  (163-177°C).  At 
such  depths  and  temperatures,  at  least  a  lower  sec-  20 
tion  of  the  static  column  can  "cook  out"  wherein  the 
fluid  at  least  begins  to  gel  and  thereby  cause  changed 
acoustic  transmission  characteristics  that  tend  to  at- 
tenuate  acoustic  signals  more  significantly.  This  is  an 
ongoing  and  changing  problem  which  particularly  af-  25 
fects  flow  tests  that  are  performed  over  several  days 
(e.g.,  5-10  days). 

Additionally,  the  size  of  the  downhole  equipment 
used  in  the  present  invention  is  of  small  diameter.  By 
this  is  meant  that  the  tubing  or  pipe  and  tool  body  30 
nominal  diameters  are  not  greater  than  about  five  in- 
ches  (12.7cm).  Such  small  diameters  are  necessitat- 
ed  by  the  depths  to  which  they  are  run.  This  is  an  im- 
portant  characteristic  of  the  preferred  embodiments 
of  the  present  invention  because  it  is  more  difficult  to  35 
generate  and  transmit  acoustic  signals  within  an  en- 
vironment  having  these  small  dimensions  as  com- 
pared  to  generating  and  transmitting  acoustic  signals 
in  a  shorter,  wider  tubing  or  pipe  string  assembly. 

It  is  to  this  particular  environment  that  the  follow-  40 
ing  systems  especially  relate. 

FIG.  2  shows  a  test  string  66  positioned  in  a  deep 
well.  This  figure  shows  a  system  which  uses  tubing  or 
drill  pipe  in  the  string  66  as  the  acoustic  transmission 
line.  Connected  into  the  string  66  are  a  master  acous-  45 
tic  transmitter  68,  a  plurality  of  acoustic  repeaters  70, 
a  safety/circulating  valve  72,  a  circulating  valve  74 
(preferably  a  recloseable  type),  a  tester  valve  76,  a 
downhole  data  gathering  tool  78,  a  sampler  valve  80, 
a  bypass  tool  82,  a  safety  joint  84,  a  flow  sub  86,  a  50 
firing  head  88  and  perforating  guns  90.  A  retrievable 
packer  92  separates  the  well  into  an  upper  portion, 
having  an  annulus  94  containing  the  column  of  sub- 
stantially  static  fluid  that  is  present  in  the  well  during 
a  flow  test,  and  a  lower  portion  96,  where  perforations  55 
98  are  typically  formed  as  described  with  regard  to 
FIG.  1  and  where  the  formation  pressure  to  be  tested 
is  expressed  since  the  lower  portion  96  intersects  the 

formation  having  a  fluid  (hopefully  oil  or  gas)  under 
pressure.  In  the  preferred  embodiment,  the  lower 
portion  96  begins  at  least  about  5,000  feet  (1525m) 
below  a  mouth  100  of  the  well.  The  aforementioned 
components  can,  individually,  be  conventional  ele- 
ments  known  in  the  art.  As  to  the  packer  92,  it  can 
also  be  a  semi-permanent  type  such  as  used  in  a  well 
which  has  been  completed  for  production  and  in 
which  a  production  flow  test  may  be  conducted. 

In  the  present  invention,  control  signals  are  to  be 
communicated  to  the  tools  comprising  at  least  one  or 
more  of  the  circulating  valve  74,  the  tester  valve  76 
and  the  downhole  data  gathering  tool  78.  Each  tool  to 
be  controlled  has  its  own  acoustic  receiver  102  in  the 
preferred  embodiment.  These  tools  to  be  controlled 
and  their  respective  acoustic  receivers  are  also  dis- 
posed  at  least  about  5,000  feet  (1525m)  below  the 
mouth  100  of  the  well  because  these  tools  are  typi- 
cally  placed  nearthe  packer  92  at  the  lowerend  of  the 
upper  portion  of  the  well.  In  the  preferred  embodi- 
ment,  each  of  the  tools  responds  to  its  own  specific 
acoustic  signal,  so  individual  tools  may  be  controlled 
independently  of  the  other  tools. 

The  following  definitions  are  used  herein  and  in 
the  claims.  An  "acoustic  transmitter"  is  a  known  de- 
vice  that  converts  a  control  signal  of  any  suitable  type 
(e.g.,  electrical,  mechanical,  etc.)  into  energy  that  cre- 
ates  an  acoustic  signal  in  the  transmission  medium 
(e.g.,  the  test  string  66  in  FIG.  2).  An  "acoustic  repeat- 
er"  is  a  known  device  that  converts  a  received  acous- 
tic  signal  into  energy  that  regenerates  or  retransmits 
an  acoustic  signal  in  the  transmission  medium.  An 
"acoustic  receiver"  is  a  known  device  that  converts  a 
received  acoustic  signal  into  another  form  of  signal 
(e.g.,  electrical,  mechanical,  etc.)  for  causing  a  down- 
hole  tool  to  be  operated  or  not  operated  as  desired. 

Acoustic  signals  are  transmitted  from  the  acous- 
tic  transmitter  68  under  control  of  a  surface  controller 
1  04.  For  example,  the  transmitter  68  can  be  any  con- 
ventional  device  (e.g.,  a  piezoelectric  stack)  which 
physically  bangs  the  tubing  or  pipe  of  the  string  66  to 
generate  an  acoustic  signal. 

Initial  transmission  can  occur  in  one  of  two  ways. 
The  acoustic  signal  can  be  generated  above  the 
mouth  100  of  the  well  so  that  it  propagates  through 
wellhead  equipment  105,  such  as  a  blowout  preven- 
ter,  to  an  acoustic  repeater  70  located  at  the  mouth 
100  of  the  well  just  below  the  wellhead  equipment 
(e.g.,  just  below  the  surface  blowout  preventer  rams 
and  the  packing).  The  repeater  is  needed  at  this  high 
location  in  the  well  because  of  the  significant  attenu- 
ation  through  the  wellhead  equipment.  This  is  the  em- 
bodiment  illustrated  in  FIG.  2. 

Alternatively,  the  test  string  66  is  suspended  at 
the  surface  using  a  special  sub  106  which  acoustical- 
ly  isolates  the  acoustic  transmission  part  of  the  test 
string  66  from  the  wellhead  equipment  105  (FIG.  2A). 
The  purpose  of  this  isolation  sub  106  is  to  reduce  the 
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amount  of  loss  In  the  acoustical  signal  through  the 
wellhead  equipment,  and  It  can  also  block  unwanted 
noise  signals  that  may  be  generated  at  the  surface 
from  entering  the  string  66  from  above  the  sub  106. 
The  isolation  sub  106  may  be  part  of  the  master  trans- 
mitter  68,  or  it  may  be  a  separate  piece  of  equipment. 

The  acoustic  repeaters  70  are  placed  in  the  test 
string  66  to  amplify  or  relay  the  acoustic  signals  which 
are  being  transmitted  down  the  string.  The  use  of  the 
repeaters  is  necessary  when  well  conditions  (depth, 
mud,  pressure,  etc.)  cause  the  attenuation  of  the 
acoustic  signal  to  be  so  high  that  the  signal  is  damped 
out  before  reaching  the  ultimate  acoustic  receiver  1  02 
to  which  it  is  being  sent.  This  is  generally  the  case  in 
the  particular  environment  to  which  the  present  in- 
vention  is  especially  directed.  Each  repeater  70  has 
its  own  receiver  70a  and  transmitter  70b  (FIG.  6) 
which  are  acoustically  isolated  to  ensure  proper  re- 
ception  and  retransmission  of  an  acoustic  signal.  That 
is,  the  repeater  receiver  70a  receives  the  acoustic 
signal  transmitted  from  the  master  transmitter  68  or 
an  upstream  repeater  (which  received  signal  has 
been  attenuated  along  its  travel  down  the  test  string 
66),  and  the  repeater  transmitter  70b  regenerates  the 
received  attenuated  acoustic  signal  and  transmits  fur- 
ther  down  the  test  string  66  the  regeneration  of  the 
received  acoustic  signal. 

To  further  isolate  the  test  string  66  from  signal 
losses,  centralizers  1  08  (FIG.  2)  designed  for  acoustic 
isolation  are  run  at  regular  intervals  along  the  test 
string  66.  Suitable  acoustic  centralizers  are  known  in 
the  art. 

Referring  to  FIG.  6,  various  force  producing  op- 
erating  or  actuating  means  109,  including  hydraulic, 
electronic  and  mechanical,  may  be  used  to  make  the 
valve  member  of  a  selected  valve  (e.g.,  valve  member 
76a  of  tester  valve  76  depicted  in  FIG.  6)  function  in 
response  to  the  acoustical  signals.  These  are  prefer- 
ably  worked  by  downhole  control  means  for  generat- 
ing  electrical  signals  for  controlling  the  opening  and 
closing  of  the  valves.  Such  a  downhole  controller  110 
can  be  microprocessor-based  and  programmed  to  re- 
spond  to  a  connected  acoustic  receiver  102  in  the  re- 
spective  valve  tool  receiving  an  acoustic  command 
signal  from  the  transmitter  68  and  the  repeaters  70. 
This  type  of  integrated  circuit  controller  is  program- 
med  and  connected  to  determine  when  the  connect- 
ed  acoustic  receiver  102  responds  to  at  least  one 
acoustic  signal  and  to  control  the  operation  of  con- 
nected  working  apparatus  in  response  thereto.  Alter- 
natively,  the  receiver  102  orthe  controller  110  can  be 
in  separate  tools  and  other  types  of  integrated  circuit 
controllers  can  be  used  (e.g.,  discrete  combinational 
logic,  programmable  logic  arrays,  etc.). 

The  downhole  control  means  110  can  include 
means  for  sequentially  generating  a  plurality  of  prede- 
termined  flow  test  event  control  signals  in  response 
to  the  associated  acoustic  receiver  102  receiving  an 

appropriate  acoustic  command  signal.  The  downhole 
control  means  110  can  alternatively  include  means  for 
generating  a  first  electrical  signal  for  the  respective 
valve  in  response  to  the  acoustic  receiver  102  receiv- 

5  ing  the  acoustic  signal  having  a  first  encoding  and  for 
generating  a  second  control  signal  for  the  respective 
valve  in  response  to  the  acoustic  receiver  receiving 
the  acoustic  signal  having  a  second  encoding  differ- 
ent  from  the  first  encoding.  Furthermore,  the  present 

10  invention  can  be  implemented  with  one  acoustic  re- 
ceiver  102  and  one  downhole  control  means  110 
which  function  together  to  control  different  actuating 
means  for  respective  ones  of  the  valves.  Referring  to 
FIG.  -7,  a  single  controller  110,  connected  to  a  single 

15  acoustic  receiver  1  02,  the  tester  valve  76  and  the  cir- 
culating  valve  74  and  responsive  to  the  acoustic  re- 
ceiver  1  02  receiving  an  appropriately  encoded  acous- 
tic  signal,  generates  control  signals  for  the  tester 
valve  and  the  circulating  valve  to  open  and  close  the 

20  tester  valve  in  the  well  and  to  at  least  open  the  circu- 
lating  valve  in  the  well. 

The  valves  that  are  to  be  controllable  via  acoustic 
signaling  are  preferably  equipped  with  acoustic  trans- 
mitters  112  (FIG.  6)  so  they  can  send  acoustic  signals 

25  back  to  the  surface  to  indicate  their  status  or  other  in- 
formation.  To  receive  such  signals  at  the  surface,  the 
primary  acoustic  transmitter  68  can  be  combined  with 
or  used  with  an  acoustic  receiver  (not  separately 
shown).  This  feature  also  allows  one  tool  to  control 

30  another  tool  if  it  is  instructed  or  programmed  to  do  so. 
The  downhole  data  gathering  tool  78  is  used  to 

monitor  and  record  any  wellbore  parameter  which  is 
present  in  the  well  including  pressure,  temperature, 
flow  rate,  bubble  point,  density,  etc.  This  data  can 

35  then  be  immediately  transmitted  to  the  surface  using 
an  acoustic  transmitter  114  (FIG.  6),  or  the  data  can 
be  stored  and  then  transmitted  to  the  surface  later. 
This  feature  is  very  useful  because  it  eliminates  the 
need  for  conventional  methods  of  retrieving  downhole 

40  data  such  as  electric  line  or  gauge  retrieval;  however, 
conventional  methods  of  retrieving  can  also  be  used 
in  the  present  invention.  For  example,  data  can  be  re- 
trieved  by  lowering  a  surface  readout  tool  116  into  the 
well  on  a  wireline,  latching  onto  the  downhole  gauge 

45  78,  and  transferring  data  from  the  gauge  up  the  wire- 
line  and  out  of  the  well. 

There  are  various  techniques  that  may  be  used 
to  send,  process  and  interpret  the  acoustical  data 
which  is  being  sent  using  this  system.  The  following 

so  three  methods  may  be  used  to  transmit  data  or  sig- 
nals  through  the  acoustic  medium  being  utilized.  All 
the  following  techniques  apply  to  any  transmitter  and 
any  receiver  located  anywhere  in  the  system,  includ- 
ing  all  surface  and  subsurface  locations  in  the  sys- 

55  tern. 
For  sophisticated  data  transmission,  a  binary 

system  using  one  signal  state  to  represent  a  logic  0 
and  another  signal  state  to  represent  a  logic  1  may  be 

7 



13 EP  0  597  704  A1 14 

used.  For  example,  a  base  frequency  may  be  output 
from  an  acoustic  transmitter  to  the  rest  of  the  system. 
When  the  frequency  is  increased  above  the  base  fre- 
quency,  this  is  interpreted  by  the  receiver  as  a  1. 
When  the  frequency  is  decreased  below  the  base  fre- 
quency,  this  is  interpreted  by  the  receiver  as  a  0.  In 
this  way  any  information  may  be  transmitted  in  the 
acoustic  system  as  binary  data  which  may  be  con- 
verted  to  other  forms  of  data  or  used  in  the  raw  form. 
This  is  the  preferred  technique. 

Another  technique  for  operating  individual  valves 
in  the  system  is  to  make  individual  valves  respond  to 
individual  frequency  bands.  In  this  system  a  transmit- 
ter  inputs  a  constant  frequency  signal  into  the  system. 
If  this  frequency  is  within  the  frequency  band  a  par- 
ticular  valve  is  programmed  to  respond  to,  the  valve 
will  operate.  This  system  can  be  used  in  a  very  low  fre- 
quency  mode,  where  the  number  of  acoustic  shots  re- 
ceived  within  a  period  of  time  (for  instance  5  minutes) 
corresponds  to  a  particular  valve  to  be  operated. 

A  combination  of  signal  amplitude  and  frequency 
may  also  be  used  to  signal  individual  tools.  In  this  way 
complex  signals  based  on  time,  amplitude  or  a  com- 
bination  of  both  can  be  used  to  operate  individual 
tools  in  the  system. 

Regardless  of  the  specific  signaling  technique, 
and  as  mentioned  above,  a  respective  controller  110 
in  the  system  can  respond  in  various  ways  to  a  re- 
spective  acoustic  receiver  102  receiving  an  appropri- 
ate  acoustic  command.  For  example,  the  controller 
110  can  sequentially  generate  a  plurality  of  control 
signals  in  response  to  the  acoustic  receiver  receiving 
a  single  acoustic  command  signal,  or  the  controller 
110  can  generate  a  first  control  signal  for  one  working 
apparatus  (e.g.,  the  tester  valve  76)  in  response  to 
the  acoustic  receiver  receiving  a  first  acoustic  com- 
mand  signal  having  a  first  encoding  and  it  can  gener- 
ate  a  second  control  signal  foranotherworking  appa- 
ratus  (e.g.,  the  circulating  valve  74)  in  response  to  the 
acoustic  receiver  receiving  a  second  acoustic  com- 
mand  signal  having  a  second  encoding  different  from 
the  first  encoding. 

In  a  typical  well  test,  at  least  the  tester  valve  76 
needs  to  be  operated.  In  this  case  the  surface  con- 
troller  104  (FIG.  2)  would  be  used  to  make  the  primary 
acoustic  transmitter  68  send  a  particular  signal  down 
the  test  string  66.  As  an  acoustic  pulse  is  received  by 
one  of  the  acoustic  repeaters  70,  the  signal  is  ampli- 
fied  or  repeated  by  the  acoustic  repeater  and  sent 
down  the  next  section  of  the  test  string  66.  This  proc- 
ess  is  repeated  until  the  signal  reaches  the  ultimate 
downhole  acoustic  receiver  or  receivers  102.  This 
causes  the  respective  controller  11  0  to  operate  the  re- 
spective  actuator  109  and  thus  the  selected  valve 
member. 

When  data  is  to  be  sent  up  the  test  string  to  the 
surface  from  one  of  the  downhole  tools,  the  system 
works  in  the  same  way,  but  in  reverse.  A  downhole 

tool  inputs  an  acoustic  signal  into  the  test  string.  This 
signal  travels  up  the  string  to  the  first  acoustic  repeat- 
er  70  it  encounters.  The  repeater  then  sends  the  sig- 
nal  up  the  next  section  of  the  test  string  66  to  the  next 

5  repeater.  This  process  is  followed  until  the  signal 
reaches  the  surface  receiver  where  it  is  sent  to  the 
surface  controller  104. 

The  other  embodiments  shown  in  FIGS.  3-5  in- 
clude  the  same  components  as  those  shown  in  FIG. 

10  2  at  least  to  the  extent  indicated  therein  by  like  refer- 
ence  numerals. 

FIG.  3  shows  a  system  wherein  the  column  of  an- 
nulus  or  tubing  fluid  is  used  as  the  acoustic  transmis- 
sion  media.  This  is  the  most  preferred  embodiment  of 

15  the  present  invention,  and  the  annular  fluid  embodi- 
ment  is  preferred  over  the  tubing  fluid  embodiment. 
Variations  of  annulus  pressure,  fluid,  etc.  may  be 
used  to  change  or  enhance  the  acoustic  transmission 
characteristics  of  the  fluid  column  which  is  being  used 

20  to  transmit  the  acoustic  signals.  In  this  system  an 
acoustic  signal  is  imparted  to  the  fluid  by  one  of  the 
transmitters  in  the  system.  For  example,  an  acoustic 
command  signal  can  be  sent  from  the  acoustic  trans- 
mitter  68,  which  is  of  a  type  known  in  the  art  for  in- 

25  ducing  acoustic  pulses  in  a  fluid  column  (e.g.,  a  gas 
gun  or  explosives).  This  can  also  include  a  transmitter 
located  in  one  of  the  downhole  tools  sending  data  to 
the  surface  or  to  another  downhole  tool.  The  opera- 
tion  of  the  system,  and  the  function  of  the  individual 

30  components  is  the  same  for  this  system  as  it  is  for  the 
system  of  FIG.  2. 

With  regard  to  the  primary  acoustic  transmitter 
68,  it  can  be  placed  at  the  top  of  the  annulus  or  tubing 
fluid  column  below  the  wellhead  equipment  105  de- 

35  pending  upon  whether  the  transmission  medium  is  to 
be  the  annulus  fluid  or  the  tubing  fluid;  or  it  can  be 
placed  in  a  pipeline  to  the  wellhead  equipment  which 
communicates  with  the  selected  fluid  column.  In  the 
latter,  the  primary  acoustic  transmitter  68  generates 

40  within  fluid  outside  the  well  the  acoustic  signal  for 
commanding  downhole  functions;  this  signal  is  then 
propagated  through  the  fluid  in  the  surface  plumbing, 
such  as  including  the  wellhead  equipment  105,  into 
the  selected  fluid  column  in  the  well  (i.e.,  in  the  an- 

45  nulus  or  in  the  tubing  string). 
FIG.  4  shows  a  system  wherein  the  well  casing  is 

being  used  as  the  acoustic  transmission  medium,  and 
FIG.  5  shows  a  system  wherein  the  subterranean 
earth  is  being  used  to  conduct  the  acoustic  signals. 

so  These  are  not  preferred  because  repeaters  cannot  be 
readily  used  in  these  embodiments  (e.g.,  too  expen- 
sive  to  put  them  along  the  casing  and  too  difficult  to 
implant  them  in  the  earth),  whereby  they  may  not  be 
suitable  for  communicating  to  sufficient  depths  as  re- 

55  quired  for  the  particular  environment  to  which  the 
present  invention  is  especially  directed. 

Referring  to  FIG.  8,  there  is  shown  a  configura- 
tion  of  elements  that  can  be  used  in  any  of  the  sys- 
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terns  of  the  present  invention  described  above.  In  this 
configuration  each  of  a  plurality  of  working  apparatus 
includes  a  respective  integrated  circuit  controller,  and 
an  acoustic  receiver  is  connected  to  these  integrated 
circuit  controllers  so  that  the  acoustic  receiver  re- 
sponds  to  at  least  one  acoustic  signal  and  provides 
control  signals  to  the  integrated  circuit  controllers  in 
response  thereto.  As  specifically  illustrated,  one 
acoustic  receiver  1  02  communicates  with  two  control- 
lers  110a,  110b,  wherein  the  controller  1  1  0a  is  part  of 
the  downhole  working  apparatus  containing  the  tes- 
ter  valve  76  and  wherein  the  controller  100b  is  part  of 
the  downhole  working  apparatus  containing  the  cir- 
culating  valve  74. 

Referring  to  FIG.  9,  each  of  a  plurality  of  working 
apparatus  includes  a  respective  acoustic  receiver  re- 
sponsive  to  a  respective  predetermined  acoustic  con- 
trol  signal  and  each  further  includes  a  respective  con- 
troller  responsive  to  the  respective  acoustic  receiver. 
These  can  respond  to  the  primary  uphole  acoustic 
transmitter  that  transmits  the  respective  predeter- 
mined  acoustic  control  signal  to  the  acoustic  receiver 
of  a  selected  one  of  the  working  apparatus.  As  more 
particularly  shown  in  FIG.  9,  each  working  apparatus 
further  includes  an  acoustic  transmitter  responsive  to 
the  controller  of  the  respective  working  apparatus, 
and  the  controller  of  a  first  working  apparatus  in- 
cludes  means  for  actuating  the  acoustic  transmitter  of 
the  first  working  apparatus  to  transmit  the  respective 
predetermined  acoustic  control  signal  to  the  acoustic 
receiver  of  a  second  working  apparatus. 

More  particularly,  associated  with  the  tester 
valve  76  is  the  acoustic  receiver  102a,  the  controller 
110a  and  the  acoustic  transmitter  112a.  Associated 
with  the  circulating  valve  74  is  the  acoustic  receiver 
1  02b,  the  controller  11  0b  and  the  acoustic  transmitter 
112b.  The  downhole  controller  110a  is  disposed  with 
the  tester  valve  76  so  that  the  downhole  controller 
110a  operates  the  tester  valve  76  in  response  to  the 
acoustic  receiver  102a  receiving  the  appropriate 
acoustic  command  signal  and  so  that  the  downhole 
controller  110a  operates  the  downhole  transmitter 
112a  to  transmit  the  activating  signal  to  the  acoustic 
receiver  102b.  The  downhole  controller  110b  oper- 
ates  the  circulating  valve  74  in  response  to  the  down- 
hole  receiver  102b  receiving  the  actuating  signal  from 
the  downhole  transmitter  112a. 

The  components  for  implementing  the  foregoing 
systems  can  be  of  types  known  in  the  art.  As  to  the 
controllers)  110,  a  particular  type  of  preferred  inte- 
grated  circuit  implementation  can  be  programmed  or 
otherwise  preset  using  known  techniques  to  define 
the  various  means  referred  to  above.  For  example,  a 
microprocessor-  based  controller  can  be  programmed 
to  continually  monitor  a  connected  acoustic  receiver 
so  that  when  a  signal  is  received  (e.g.,  through  a  data 
port  or  an  interrupt  input)  from  the  acoustic  receiver, 
the  controller  will  automatically  implement  pre-pro- 

gramming  designed  for  generating  and  sending  one 
or  more  electrical  signals  out  one  or  more  data  ports 
of  the  controller  to  operate  in  a  known  manner  one  or 
more  connected  downhole  devices  (e.g.,  tester  valve 

5  76  or  transmitter  112).  Such  pre-programming  in- 
cludes  the  specific  nature  that  the  output  signal 
needs  to  be,  and  this  specific  nature  depends  on  the 
particular  implementation  of  the  controlled  downhole 
device  and  thus  would  readily  be  apparent  to  one  skil- 

10  led  in  the  art  given  a  particular  downhole  device. 
Such  pre-programming  also  defines  whether  a  con- 
troller  controls  only  one  device  or  operation  thereof, 
or  several  devices  or  several  operations  of  one  or 
more  devices,  in  response  to  one  signal  from  the  con- 

15  nected  acoustic  receiver.  All  such  programming  can 
be  conventionally  implemented  given  the  description 
herein  and  specific  equipment  implementations. 

Methods 
20 

The  embodiment  of  FIG.  9  can  be  used  to  per- 
form  a  method  of  testing  an  oil  or  gas  well,  compris- 
ing:  lowering  a  test  string  into  the  well  afterdrilling  has 
stopped,  the  test  string  including  a  plurality  of  working 

25  apparatus  each  having  a  respective  acoustic  receiver 
responsive  to  a  respective  predetermined  acoustic 
control  signal  and  each  further  having  a  respective 
controller  responsive  to  the  respective  acoustic  re- 
ceiver;  transmitting  the  respective  predetermined 

30  acoustic  control  signal  for  the  acoustic  receiver  of  a 
selected  one  of  the  working  apparatus;  detecting  the 
transmitted  acoustic  control  signal  in  the  acoustic  re- 
ceiver  of  the  selected  working  apparatus;  and  actuat- 
ing  the  controller  of  the  selected  working  apparatus 

35  in  response  to  detecting  the  transmitted  acoustic  con- 
trol  signal  so  that  the  actuated  controller  operates  the 
selected  working  apparatus.  For  the  FIG.  9  embodi- 
ment,  each  working  apparatus  further  has  an  acous- 
tic  transmitter  responsive  to  the  controller  of  the  re- 

40  spective  working  apparatus  and  the  aforementioned 
step  of  actuating  the  controller  also  includes  the  con- 
troller  operating  the  acoustic  transmitter  of  the  select- 
ed  working  apparatus  to  transmit  the  respective  pre- 
determined  acoustic  control  signal  to  the  acoustic  re- 

45  ceiver  of  anot  her  of  t  he  working  apparatus  so  t  hat  t  he 
controllerof  such  other  working  apparatus  is  actuated 
in  response  to  the  respective  acoustic  receiver  re- 
sponding  to  the  signal  transmitted  from  one  working 
apparatus  to  another.  These  steps  of  transmitting,  de- 

50  tecting  and  actuating  can  be  repeated  for  other  select- 
ed  ones  of  the  working  apparatus  if  there  are  any. 

The  present  invention  also  provides  a  method  of 
flow  testing  an  oil  or  gas  well  after  the  well  has  been 
drilled  to  a  depth  of  at  least  5,000  feet  (1525m).  This 

55  method  should  be  apparent  from  the  foregoing,  but 
the  preferred  embodiment  is  concisely  restated  here 
as  comprising:  (a)  afterdrilling  has  stopped,  creating 
a  column  of  substantially  static  acoustic-attenuating 
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fluid  in  the  well,  including  setting  a  packer  in  the  well 
for  separating  the  well  into  an  upper  portion  and  a 
lower  portion,  the  lower  portion  beginning  at  least 
5,000  feet  (1525m)  below  a  mouth  of  the  well  and  in- 
tersecting  a  formation  having  a  fluid  under  pressure 
and  the  upper  portion  containing  the  column  of  sub- 
stantially  static  fluid  so  that  fluid  in  at  least  a  lower 
section  of  the  column  is  heated  by  natural  heating  in 
the  well  to  a  temperature  at  which  the  fluid  at  least  be- 
gins  to  gel;  (b)  after  step  (a),  transmitting  an  acoustic 
command  signal  from  the  mouth  of  the  well  into  the 
column  of  fluid,  including  at  least  part  of  the  lower 
section  thereof,  so  that  the  acoustic  command  signal 
is  coherently  propagated  through  the  column  of  sub- 
stantially  static  acoustic-attenuating,  gelling  fluid  to 
an  acoustic  receiver  disposed  in  the  well  at  least  as 
deep  as  the  lower  section  of  the  column  of  fluid;  (c) 
receiving  the  coherently  propagated  acoustic  com- 
mand  signal  in  the  acoustic  receiver  and  generating 
in  the  well  at  least  one  control  signal  in  response 
thereto;  and  (d)  operating  a  tester  valve  in  response 
to  the  at  least  one  control  signal,  the  tester  valve  dis- 
posed  in  the  well  at  least  as  deep  as  the  lower  section 
of  the  column  of  fluid  for  controlling  the  flow  of  fluid 
from  the  lower  portion  of  the  well  into  a  tubing  string 
disposed  in  the  well.  In  the  preferred  embodiment, 
the  acoustic  command  signal  is  regenerated  from  an 
acoustic  repeater  disposed  in  the  tubing  string, 
wherein  neither  the  acoustic  repeater  nor  the  tubing 
string  is  greater  than  five  inches  in  diameter.  Step  (b) 
preferably  includes:  (1)  acoustically  isolating  an 
acoustic  transmitter  from  wellhead  equipment  at  the 
mouth  of  the  well  and  actuating  the  acoustic  transmit- 
ter  to  generate  the  acoustic  command  signal,  or  (2) 
transmitting  the  acoustic  command  signal  through 
wellhead  equipment  at  the  mouth  of  the  well  and  re- 
generating  the  acoustic  command  signal  through  an 
acoustic  repeater  disposed  at  the  mouth  of  the  well 
below  the  wellhead  equipment,  or  (3)  generating  the 
acoustic  command  signal  in  a  fluid  outside  the  well 
communicating,  such  as  through  wellhead  equip- 
ment,  with  the  column  of  fluid  in  the  well. 

Claims 

1  .  Apparatus  for  flow  testing  an  oil  or  gas  well,  which 
apparatus  comprises  a  tubing  string  (66)  to  be 
disposed  in  the  well;  a  packer  (92)  to  be  disposed 
between  said  tubing  string  (66)  and  the  well  so 
that  (in  use)  an  annulus  (94)  is  defined  between 
said  tubing  string  and  the  well  above  said  packer 
(92);  a  tester  valve  (76)  disposed  in  said  tubing 
string  (66),  said  tester  valve  including  a  valve 
member  (76a);  actuator  means  (109),  disposed  in 
said  tubing  string,  for  moving  said  valve  member 
(76a)  between  open  and  closed  positions;  acous- 
tic  receiver  means  (102),  disposed  in  said  tubing 

string  (66),  for  receiving  an  acoustic  command 
signal  transmitted  (in  use)  in  a  column  of  substan- 
tially  static  fluid  in  said  annulus  (94);  control 
means  (110),  disposed  in  said  tubing  string  (66) 

5  and  responsive  to  said  acoustic  receiver  means 
(102),  for  controlling  said  actuator  means  (109); 
and  acoustic  transmission  means  (68,70)  for 
transmitting  (in  use)  said  acoustic  command  sig- 
nal  through  at  least  a  part  of  said  lower  section 

10  of  said  column  of  substantially  static  fluid  in  said 
annulus  (94)  to  said  acoustic  receiver  means 
(102). 

2.  Apparatus  according  to  claim  1,  wherein  said 
15  acoustic  transmission  means  (68,70)  includes  re- 

peater  receiver  means  (70a)  for  receiving  (in  use) 
in  the  well  through  the  column  of  substantially 
static  fluid  in  said  annulus  (94),  said  acoustic 
command  signal  transmitted  into  the  fluid  and  at- 

20  tenuated  therein  in  response  both  to  the  depth 
and  changing  state  of  the  fluid;  and  repeater 
transmitter  means  (70b)  for  regenerating  the  re- 
ceived  attenuated  acoustic  command  signal  and 
for  transmitting  into  the  fluid  a  regenerated  said 

25  acoustic  command  signal. 

3.  Apparatus  according  to  claim  1  or  2,  wherein  said 
control  means  (110)  includes  means  for  sequen- 
tially  generating  a  plurality  of  predetermined  flow 

30  test  even  control  signals  in  response  to  said 
acoustic  receiver  means  (102)  receiving  said 
acoustic  command  signal. 

4.  Apparatus  according  to  claim  1  ,  2  or  3,  which  fur- 
35  ther  comprises  a  second  valve  (74),  including  a 

second  valve  member;  and  second  actuator 
means  for  moving  said  second  valve  member  be- 
tween  open  and  closed  positions  in  response  to 
operating  pressure  from  fluid  in  the  well;  and  said 

40  control  means  (110)  includes  means  for  generat- 
ing  a  first  control  signal  for  said  first-mentioned 
actuating  means  (109)  in  response  to  said  acous- 
tic  receiver  means  (102)  receiving  said  acoustic 
command  signal  having  a  first  encoding  and  for 

45  generating  a  second  control  signal  for  said  sec- 
ond  actuating  means  in  response  to  said  acoustic 
receiver  means  receiving  said  acoustic  command 
signal  having  a  second  encoding  different  from 
said  first  encoding. 

50 
5.  Apparatus  according  to  claim  1  ,  2  or  3,  wherein 

said  control  means  (110)  includes  means  for  gen- 
erating  a  first  control  signal  for  said  actuating 
means  in  response  to  said  acoustic  receiver 

55  means  (102)  receiving  said  acoustic  command 
signal  having  a  first  encoding,  and  for  generating 
a  second  control  signal  for  said  actuating  means 
in  response  to  said  acoustic  receiver  means  re- 
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ceiving  said  acoustic  command  signal  having  a 
second  encoding  different  from  said  first  encod- 
ing. 

Apparatus  according  to  any  of  claims  1  to  5,  fur-  5 
ther  comprising  data  acquisition  means  (78)  for 
storing  data  of  conditions  in  the  well  during  a  flow 
test;  and  acoustic  transmitter  means  (68)  for 
transmitting  (in  use)  through  said  column  of  sub- 
stantially  static  fluid  in  said  annulus  (94),  acoustic  w 
signals  representing  data  stored  by  said  data  ac- 
quisition  means  during  the  flow  test  of  the  well. 

Apparatus  according  to  any  of  claims  1  to  6,  fur- 
ther  comprising:  gauge  means  for  sensing  and  15 
recording  at  least  one  characteristic  of  the  well; 
and  a  surface  readout  tool  disposed  in  the  well, 
said  surface  readout  tool  including  means  for 
communicating  data  from  said  gauge  means  out 
of  the  well.  20 

Apparatus  according  to  any  of  claims  1  to  7, 
wherein  (in  use)  said  acoustic  transmission 
means  (68,70)  generates  said  acoustic  command 
signal  in  a  fluid  communicated  through  wellhead  25 
equipment  (105)  at  a  mouth  (100)  of  the  well  to 
said  column  of  substantially  static  fluid. 

The  use  of  an  apparatus  as  claimed  in  any  of 
claims  1  to  8  for  flow  testing  an  oil  or  gas  well.  30 
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