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Description 

The  present  invention  relates  generally  to  an- 
nulus  pressure  responsive  downhole  tools,  and  par- 
ticularly  to  a  combination  safety-circulating  valve 
operated  by  a  differential  area  piston  referenced  to 
well  annulus  hydrostatic  pressure. 

When  an  oil  well  is  drilled,  it  is  often  desired  to 
test  the  production  capabilities  of  the  subsurface 
formations  intersected  by  the  well,  by  lowering  a 
testing  string  into  the  borehole  to  the  formation 
depth.  The  formation  fluid  is  then  allowed  to  flow 
into  the  test  string  in  a  controlled  testing  program. 

It  is  now  well  known  in  the  art  to  operate  one  or 
more  of  the  tools  in  the  test  string  in  response  to 
increases  in  well  annulus  pressure  in  a  well  an- 
nulus  between  the  test  string  and  the  well  borehole. 
This  is  often  far  superior  to  using  pipe  manipulation 
through  rotation  or  reciprocation  to  operate  the 
testing  tools,  particularly  in  deviated  boreholes 
such  as  are  drilled  from  offshore  platforms. 

One  testing  tool  which  is  commonly  included  in 
the  test  string  is  a  combination  safety  and  circulat- 
ing  valve. 

Such  a  combination  safety  and  circulating 
valve  which  we  have  utilized  is  disclosed  in  our  U. 
S.  Patents  Nos.  4,270,610  to  Barrington,  4,311,197 
to  Hushbeck,  and  4,445,571  to  Hushbeck. 

The  device  shown  in  these  three  patents  is 
generally  referred  to  as  a  combination  sampler 
valve  and  circulation  valve.  The  term  sampler  is 
utilized  because  the  tool  disclosed  in  these  three 
patents  utilizes  two  spaced  ball  valves  which  can 
trap  a  sample  of  the  flowing  fluid  therebetween. 
The  ball  valves  themselves,  however,  can  also  be 
referred  to  as  safety  valves  since  they  operate  to 
shut  off  the  flow  of  well  fluid  through  the  test  string. 

Although  the  apparatus  disclosed  in  the 
present  application  includes  only  a  single  ball  type 
safety  valve,  it  will  be  understood  that  it  could  be 
modified  to  add  a  second  ball  and  thus  be  a 
sampler  valve,  and  the  prior  art  sampler  valves 
disclosed  in  the  three  patents  referenced  above 
could  have  the  lower  ball  thereof  eliminated  so  that 
they  would  then  provide  only  a  safety  valve  and 
circulating  valve. 

The  prior  art  combination  sampler  and  circula- 
tion  valve  disclosed  in  the  three  patents  cited 
above  is  referred  to  as  an  atmospheric  referenced 
tool.  That  is,  the  differential  area  piston  which  op- 
erates  that  tool  has  a  low  pressure  side  exposed  to 
substantially  atmospheric  pressure.  Referring  for 
example  to  U.  S.  Patent  No.  4,270,610  to  Barring- 
ton,  and  particularly  to  FIG.  2B  thereof,  a  sealed 
low  pressure  chamber  80  is  thereshown  which  con- 
tained  air  at  atmospheric  pressure  when  the  tool 
was  first  assembled  before  running  into  the  well. 
Although  that  pressure  may  change  due  to  heating 

or  cooling  after  the  tool  is  placed  in  a  well,  this  is 
still  generally  referred  to  as  an  atmospheric  re- 
ferenced  tool. 

The  tool  shown  in  FIGS.  2A-2F  of  U.  S.  Patent 
5  No.  4,270,610  is  utilized  in  a  test  string  as  illus- 

trated  in  FIG.  1  of  that  patent,  and  generally  has  an 
annulus  pressure  responsive  tester  valve  located  in 
the  same  string  therebelow. 

Generally,  the  test  string  is  lowered  into  a  well, 
io  and  then  after  a  packer  of  the  test  string  is  set,  well 

annulus  pressure  may  be  repeatedly  increased  and 
then  dropped  back  to  hydrostatic  pressure  to  op- 
erate  the  well  tester  valve  located  below  the  com- 
bination  sampler-circulating  valve.  The  sampler-cir- 

75  culating  valve  is  designed  to  operate  at  a  higher 
differential  pressure  between  the  well  annulus  and 
the  interior  of  the  test  string  than  is  the  tester  valve 
located  therebelow. 

After  the  testing  program  is  completed,  well 
20  annulus  pressure  is  then  increased  to  the  higher 

level  necessary  to  operate  the  sampler-circulating 
valve,  and  the  two  ball  valves  of  the  sampler  sec- 
tion  will  then  be  closed  to  trap  a  flowing  sample  of 
well  fluid  and  to  close  the  bore  of  the  test  string 

25  against  further  flow  of  well  fluid  therethrough  while 
at  substantially  the  same  time  a  circulating  valve 
above  the  sample  chamber  is  opened  to  commu- 
nicate  the  interior  of  the  test  string  with  the  well 
annulus. 

30  The  power  mandrel  of  the  combination 
sampler-circulating  valve  of  U.  S.  Patent  No. 
4,270,610  is  retained  in  place  against  premature 
operation  by  a  shear  set  100  seen  in  FIG.  2B 
thereof  which  includes  a  large  plurality  of  shear 

35  pins  112.  The  shear  set  is  designed  to  shear  when 
the  difference  between  well  annulus  pressure  and 
pressure  interior  of  the  test  string  reaches  a  pre- 
determined  level  at  which  it  is  desired  to  operate 
the  sampler-circulating  valve. 

40  The  shear  pins  of  the  shear  set  must  be  de- 
signed  to  hold  against  the  hydrostatic  well  annulus 
pressure  plus  the  increase  in  well  annulus  pressure 
which  is  utilized  to  operate  the  tool.  This  increase 
in  well  annulus  pressure  is  generally  in  the  range  of 

45  10.3  to  17.2  MPa  (1500  to  2500  psi). 
As  will  be  well  understood  by  those  skilled  in 

the  art,  the  hydrostatic  well  annulus  pressure  which 
is  present  due  merely  to  the  weight  of  the  drilling 
mud  contained  in  the  well  bore  may  itself  by  on  the 

50  order  of  68.9  MPa  (10,000  psi).  Thus,  the  shear 
pins  of  the  shear  set  100  of  the  4,270,610  patent 
must  be  designed  to  hold  the  power  mandrel  in 
place  against  the  difference  between  hydrostatic 
well  annulus  pressure  of  perhaps  68.9  MPa  (10,000 

55  psi)  and  the  substantially  zero  pressure  in  chamber 
80  for  long  periods  of  time  during  the  testing 
program,  and  must  then  reliably  fail  at  an  increased 
pressure  differential  of  10.3  to  17.2  MPa  (1500  to 
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2500  psi). 
Thus,  the  shear  pins  of  the  shear  set  must 

support  80%  to  90%  of  the  designed  shearing  load 
for  long  periods  of  time  while  being  subjected  to 
high  temperatures,  and  often  to  corrosive  environ- 
ments  in  the  well.  It  is  common  for  brass  shear 
pins  to  stress  crack  due  to  corrosion  caused  by 
ammonia  present  in  the  well. 

This  leads  to  substantial  problems  due  to  in- 
consistent  operating  pressures  of  tools  such  as 
those  shown  in  U.  S.  Patent  No.  4,270,610. 

The  problem  is  due  in  part  to  the  variation  in 
shear  strength  of  the  shear  pins  themselves  which 
are  generally  constructed  of  brass.  Quality  control 
requirements  governing  the  production  of  the  pins 
is  very  stringent,  but  if  a  large  number  of  pins  is 
required  to  be  used  on  a  job,  such  as  illustrated  in 
FIG.  2B  of  the  4,270,610  patent,  the  actual  shear 
pressure  may  be  significantly  different  than  cal- 
culated. 

Additionally,  the  number  of  pins  required  for  a 
specific  job  is  determined  by  the  depth  at  which 
the  tool  is  run  and  the  mud  weight,  that  is  the 
weight  of  the  drilling  fluid  contained  in  the  well. 
Many  times  the  mud  weight  value  may  be  in- 
correctly  stated  and  therefore  calculations  can  be 
off  considerably. 

The  design  of  the  4,270,610  patent  therefore 
depends  heavily  upon  the  shear  pins  for  proper 
operation,  where  in  fact  many  variables  exist  which 
can  substantially  alter  the  operating  pressure  of  the 
tool  at  which  the  shear  pins  will  shear. 

The  reason  so  many  shear  pins  are  required  in 
tools  such  as  those  shown  in  U.  S.  Patent  No. 
4,270,610  is  that  the  tools  are  referenced  to  sub- 
stantially  atmospheric  conditions  and  thus  the  pins 
must  resist  the  hydrostatic  well  annulus  pressure 
plus  approximately  17.2  MPa  (2500)  psi. 

Additionally,  although  the  design  of  Patent  No. 
4,270,610  using  a  large  number  of  pins  most  often 
has  a  problem  with  too  low  an  operating  pressure 
due  to  deterioration  of  the  pins  as  described,  it  can 
also  have  a  problem  with  too  high  an  operating 
pressure  due  to  a  build-up  of  tolerances  in  con- 
struction  of  the  pins. 

The  present  invention  overcomes  many  of  the 
problems  just  discussed  which  are  present  in  tools 
such  as  that  shown  in  U.  S.  Patent  No.  4,270,610 
by  referencing  the  operation  of  the  tool  to  hydro- 
static  well  annulus  pressure  instead  of  to  atmo- 
spheric  pressure.  This  greatly  reduces  the  number 
of  shear  pins  which  must  be  utilized,  and  makes 
the  predetermined  operating  pressure  of  the  tool 
much  more  consistent. 

In  a  first  aspect  the  present  invention  is  di- 
rected  towards  an  annulus  pressure  responsive 
downhole  tool  apparatus,  comprising:  a  housing;  an 
operating  element  means  disposed  in  said  housing 

and  movable  from  a  first  element  position  to  a 
second  element  position  relative  to  said  housing; 
characterised  in  that  it  further  comprises:  a  hydro- 
static  pressure  referenced,  pressure  balanced  with 

5  respect  to  annulus  pressure,  annulus  pressure  re- 
sponsive  first  piston  means  disposed  in  said  hous- 
ing,  said  first  piston  means  having  a  first  side  and  a 
second  side,  said  first  and  second  sides  both  being 
exposed  to  hydrostatic  well  annulus  pressure; 

io  means  for  at  least  temporarily  delaying  commu- 
nication  of  a  rapid  increase  in  well  annulus  pres- 
sure  to  said  second  side,  to  create  a  pressure 
differential  across  said  first  piston  means,  said 
pressure  differential  moving  said  first  piston  means 

is  from  a  first  position  to  a  second  position  relative  to 
said  housing;  a  lower  than  hydrostatic  referenced 
annulus  pressure  responsive  second  piston  means, 
disposed  in  said  housing,  and  having  a  first  side 
and  a  second  side,  said  first  side  being  in  commu- 

20  nication  with  a  low  pressure  chamber  and  said 
second  side  being  exposed  to  well  annulus  pres- 
sure  to  create  a  pressure  differential  across  said 
second  piston  means;  prevention  means  for  hold- 
ing  said  second  piston  means  in  a  first  position, 

25  said  prevention  means  being  deactuable  by  said 
movement  of  said  first  piston  means  at  least  part 
way  towards  its  second  position,  thereby  releasing 
said  second  piston  means  to  move  from  its  first 
position  to  a  second  position  in  response  to  said 

30  pressure  differential  acting  across  it;  said  move- 
ment  of  said  second  piston  means  in  turn  moving 
said  operating  element  from  said  first  element  posi- 
tion  to  said  second  element  position. 

In  a  second  aspect  the  present  invention  is 
35  directed  towards  an  annulus  pressure  responsive 

downhole  tool  apparatus  comprising:  a  housing;  an 
operating  element  means  disposed  in  said  housing 
and  movable  from  a  first  element  position  to  a 
second  element  position  relative  to  said  housing; 

40  characterised  in  that  it  further  comprises:  a  hydro- 
static  pressure  referenced,  pressure  balanced  with 
respect  to  annulus  pressure,  annulus  pressure  re- 
sponsive  first  piston  means  disposed  in  said  hous- 
ing,  said  first  piston  means  having  a  first  side  and  a 

45  second  side,  said  first  and  second  sides  both  being 
exposed  to  hydrostatic  well  annulus  pressure; 
means  for  at  least  temporarily  delaying  commu- 
nication  of  a  rapid  increase  in  well  annulus  pres- 
sure  to  said  second  side  thereby  creating  a  pres- 

50  sure  differential  across  said  first  piston  means,  said 
pressure  differential  moving  said  first  piston  means 
from  a  first  position  to  a  second  position  relative  to 
said  housing;  a  lower  than  hydrostatic  referenced 
annulus  pressure  responsive  second  piston  means, 

55  disposed  in  said  housing  having  a  first  side  and  a 
second  side,  said  first  side  being  in  communication 
with  a  low  pressure  chamber;  prevention  means  for 
shielding  said  second  side  from  well  annulus  pres- 
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sure,  said  prevention  means  being  deactuable  by 
said  movement  of  said  first  piston  means  at  least 
part  way  towards  its  second  position  thereby  ex- 
posing  said  second  side  of  said  second  piston 
means  to  well  annulus  pressure,  thereby  creating  a 
pressure  differential  across  said  second  piston 
means;  said  pressure  differential  moving  said  sec- 
ond  piston  means  from  a  first  position  to  a  second 
position,  said  movement  in  turn  moving  said  op- 
erating  element  from  said  first  element  position  to 
said  second  element  position. 

Whilst  in  the  embodiments  described  herein 
the  operating  element  means  is  a  combination 
safety-circulating  valve,  it  will  be  understood  that 
the  operating  element  means  could  be  in  any  num- 
ber  of  configurations,  such  as  merely  a  circulating 
valve,  or  such  as  a  combination  sampler-circulating 
valve. 

In  order  that  the  invention  may  be  more  fully 
understood,  various  embodiments  thereof  will  now 
be  described,  by  way  of  example  only,  with  refer- 
ence  to  the  accompanying  drawings,  wherein: 

Figs.  1A-1F  comprise  an  elevation  right-side 
only  sectioned  view  of  a  first  embodiment  of  the 
combination  safety-circulating  valve  of  the 
present  invention,  which  is  in  accordance  with 
the  first  aspect  of  the  invention. 
Fig.  2  is  an  enlarged  elevation  sectioned  view  of 
a  metering  check  valve  utilized  in  the  apparatus 
of  Figs.  1A-1F. 
Figs.  3A-3H  comprise  an  elevation  right-side 
only  sectioned  view  of  a  second  embodiment  of 
the  present  invention,  which  is  in  accordance 
with  the  first  aspect  of  the  invention. 
Figs.  4A-4I  comprise  an  elevation  right-side  only 
sectioned  view  of  a  third  embodiment  of  the 
present  invention,  which  is  in  accordance  with 
the  second  aspect  of  the  invention. 
Figs.  5A-5D  comprise  an  elevation  right-side 
only  sectioned  view  of  the  upper  portion  of  a 
fourth  embodiment  of  the  present  invention, 
which  is  in  accordance  with  the  second  aspect 
of  the  invention.  The  lower  portion  of  the  em- 
bodiment  of  Figs.  5A-5D  is  identical  to  that 
shown  in  Figs.  4E-4I.  Figs.  4E-4I  can  be  consid- 
ered  to  be  a  continuation  of  the  structure  shown 
in  Figs.  5A-5D. 

Referring  now  to  the  drawings,  and  particularly 
to  Figs.  1A-1F,  a  first  embodiment  of  the  combina- 
tion  safety-circulating  valve  apparatus  of  the 
present  invention  is  thereshown  and  generally  des- 
ignated  by  the  numeral  10. 

The  apparatus  10  can  generally  be  referred  to 
as  an  annulus  pressure  responsive  downhole  tool 
apparatus  10,  and  it  includes  a  housing  12.  The 
housing  12  is  comprised  of  an  upper  adapter  14,  a 
spring  housing  section  16,  a  circulating  valve  hous- 
ing  section  18,  a  ball  valve  housing  section  20,  an 

upper  power  housing  section  22,  a  shear  set  hous- 
ing  section  24,  a  lower  power  housing  section  26,  a 
filler  housing  section  28,  an  equalizing  chamber 
housing  section  30  having  inner  and  outer  tubular 

5  members  32  and  34,  and  a  lower  adapter  36. 
Upper  adapter  14  and  spring  housing  section 

16  are  threadedly  connected  at  36  with  a  seal 
being  provided  therebetween  by  O-ring  means  38. 

The  lower  end  of  spring  housing  section  16  is 
io  connected  to  circulating  valve  housing  section  18 

at  threaded  connection  40  with  a  seal  being  pro- 
vided  therebetween  by  O-ring  means  42. 

The  circulating  valve  housing  section  18  has  its 
lower  end  connected  to  ball  valve  housing  section 

is  20  at  threaded  connection  44  with  a  seal  being 
provided  therebetween  by  O-ring  46. 

A  lower  end  of  ball  valve  housing  section  20  is 
connected  to  upper  power  housing  section  22  at 
threaded  connection  48  with  a  seal  being  provided 

20  therebetween  by  O-ring  50. 
The  lower  end  of  upper  power  housing  section 

22  is  connected  to  shear  set  housing  section  24  at 
threaded  connection  52  with  a  seal  being  provided 
therebetween  by  O-ring  54. 

25  The  shear  set  housing  section  24  has  its  lower 
end  connected  to  lower  power  housing  section  26 
at  threaded  connection  56  with  a  seal  being  pro- 
vided  therebetween  by  O-ring  58. 

The  lower  end  of  lower  power  housing  section 
30  26  is  connected  to  filler  housing  section  28  at 

threaded  connection  60  with  a  seal  being  provided 
therebetween  by  O-ring  62. 

Filler  housing  section  28  has  its  lower  end 
connected  to  outer  tubular  member  34  of  equaliz- 

35  ing  chamber  housing  section  30  at  an  outer  thread- 
ed  connection  64  with  a  seal  being  provided  there- 
between  by  O-ring  66. 

Filler  housing  section  28  also  has  its  lower  end 
connected  to  inner  tubular  member  32  of  equaliz- 

40  ing  chamber  housing  section  30  at  inner  thread  68 
with  a  seal  being  provided  therebetween  by  O-ring 
70. 

The  lower  end  of  outer  tubular  member  34  is 
connected  to  lower  adapted  36  at  threaded  connec- 

45  tion  72  with  a  seal  being  provided  therebetween  by 
O-ring  74. 

Inner  tubular  member  32  has  its  lower  end  76 
closely  received  within  a  bore  78  of  lower  adapter 
36  with  a  seal  being  provided  therebetween  by  O- 

50  ring  80. 
The  apparatus  10  includes  a  full  open  ball  type 

safety  valve  means  generally  designated  by  the 
numeral  82  and  a  sliding  sleeve  type  circulating 
valve  means  generally  designated  by  the  numeral 

55  84.  The  safety  valve  means  82  and  circulating 
valve  means  84  may  be  collectively  referred  to  as 
an  operating  element  means  86. 

The  operating  element  means  86  is  shown  in 

4 
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FIGS.  1A-1C  in  what  may  generally  be  referred  to 
as  a  first  element  position  of  the  operating  element 
means  86.  In  this  first  element  position  of  operating 
element  means  86,  the  safety  valve  means  82  is  in 
an  open  position  and  the  circulating  valve  means 
84  is  in  a  closed  position. 

As  is  further  described  below,  the  operating 
element  means  86  is  movable  to  a  second  element 
position  relative  to  the  housing  12,  wherein  the 
safety  valve  means  82  is  closed  and  the  circulating 
valve  means  84  is  open. 

The  circulating  valve  means  84  includes  a  cir- 
culating  valve  sleeve  88  comprised  of  upper  and 
lower  portions  90  and  92  threadedly  connected 
together  at  threaded  connection  94. 

The  circulating  valve  sleeve  88  is  initially  lo- 
cated  in  a  closed  position  as  shown  in  FIG.  1B 
wherein  the  lower  portion  92  thereof  blocks  or 
closes  a  circulating  port  96  disposed  through  cir- 
culating  valve  housing  section  18  of  housing  12. 

Lower  portion  92  of  circulating  valve  sleeve  88 
has  upper  and  lower  longitudinally  spaced  annular 
seals  98  and  100  which  are  located  on  opposite 
sides  of  circulating  port  96  when  the  circulating 
valve  means  84  is  in  its  closed  position  as  shown 
in  FIGS.  1A-1B. 

Circulating  valve  means  84  also  includes  a  coil 
compression  spring  biasing  means  102  which  is 
initially  compressed  between  a  radially  outward  ex- 
tending  annular  flange  104  of  upper  portion  90  and 
an  upper  end  surface  106  of  circulating  valve  hous- 
ing  section  18. 

A  releasable  retaining  means  108  is  provided 
for  initially  releasably  retaining  the  circulating  valve 
sleeve  88  in  its  closed  position.  Releasable  retain- 
ing  means  108  includes  one  or  more  shear  pins 
110  disposed  through  radial  bores  such  as  112  in 
circulating  valve  housing  section  18  and  received 
within  an  annular  groove  114  of  lower  portion  92  of 
circulating  valve  sleeve  88. 

The  safety  valve  means  82  includes  a  full 
opening  ball  valve  116  received  between  upper  and 
lower  annular  seats  118  and  120.  The  ball  valve 
116  has  a  bore  122  which  is  initially  aligned  with 
and  defines  a  portion  of  a  longitudinally  extending 
full  opening  flow  passage  124  disposed  through  the 
appartus  10. 

The  upper  and  lower  seats  118  and  120  are 
received  within  bores  of  upper  and  lower  seat 
holders  126  and  128,  respectively.  The  upper  and 
lower  seat  holders  126  and  128  are  held  in  place 
relative  to  each  other  by  a  plurality  of  C-clamps 
such  as  the  C-clamp  130  which  has  its  upper  and 
lower  ends  132  and  134  shown  in  FIG.  1c. 

An  actuating  mandrel  136  is  connected  to  up- 
per  seat  holder  126  at  threaded  connection  138 
with  a  seal  being  provided  therebetween  by  O-ring 
140. 

The  safety  valve  means  82  includes  a  pair  of 
actuating  arms,  only  one  of  which  is  shown  and 
designated  by  the  numeral  146.  The  actuating  arm 
146  is  held  in  place  longitudinally  relative  to  ball 

5  valve  housing  section  20  by  upper  and  lower  an- 
nular  inserts  148  and  150  which  are  longitudinally 
trapped  between  a  lower  end  152  of  circulating 
valve  housing  section  18  and  an  upper  end  154  of 
upper  power  housing  section  22. 

io  A  shock  absorbing  O-ring  156  and  a  spacer 
washer  158  are  disposed  between  lower  end  152  of 
circulating  valve  housing  section  18  and  the  upper 
insert  148. 

The  actuating  arm  146  includes  a  radially  in- 
15  ward  extending  actuating  lug  160  received  in  an 

eccentric  bore  162  of  ball  valve  116. 
There  are  in  fact  two  such  actuating  arms  146 

circumferentially  spaced  about  the  ball  valve  116, 
each  of  which  includes  a  lug  like  160  engaging  an 

20  eccentric  bore  like  162,  so  that  when  the  ball  valve 
member  116  is  moved  longitudinally  upward  from 
the  position  shown  in  FIG.  1C  relative  to  housing 
12,  the  ball  valve  116  will  be  rotated  to  a  closed 
position  wherein  its  bore  122  is  orientated  at  an 

25  angle  of  90°  to  the  longitudinal  flow  passage  124 
disposed  through  the  apparatus. 

As  will  be  further  described  in  detail  below,  the 
ball  valve  116  will  be  rapidly  pushed  irreversibly 
upward  relative  to  the  housing  12  in  response  to  an 

30  increase  in  well  annulus  pressure. 
When  that  occurs,  the  actuating  mandrel  136 

will  also  move  longitudinally  upward  relative  to  the 
housing  12  and  an  upper  end  142  of  actuating 
mandrel  136  will  impact  a  lower  end  164  of  lower 

35  portion  92  of  circulating  valve  sleeve  88  to  shear 
the  shear  pin  110  and  allow  the  circulating  valve 
sleeve  88  to  be  irreversibly  moved  upward  to  an 
open  position  by  expansion  of  the  coil  compression 
spring  102,  thus  moving  the  lower  end  164  of  lower 

40  portion  92  of  circulating  valve  sleeve  88  upward  to 
a  position  above  the  circulating  port  96  thus  open- 
ing  the  circulating  port  96  to  provide  communica- 
tion  between  the  flow  passage  124  and  the  well 
annulus  exterior  of  the  housing  12. 

45  The  apparatus  10  includes  a  lower  first  power 
piston  means  166  seen  in  FIG.  1D,  and  an  upper 
second  power  piston  means  168  seen  in  FIG.  1C. 

The  first  piston  means  166  can  generally  be 
described  as  a  hydrostatic  referenced  annulus 

50  pressure  responsive  first  power  piston  means  166. 
By  hydrostatic  referenced,  it  is  meant  that  the 
power  piston  166  will  operate  in  response  to  a 
pressure  differential  between  a  hydrostatic  well  an- 
nulus  pressure  at  the  depth  at  which  the  apparatus 

55  10  is  located  in  the  well,  and  an  artificially  in- 
creased  well  annulus  pressure  which  is  applied  to 
operate  the  tool.  This  is  further  described  in  detail 
below. 

5 
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The  second  piston  means  168  can  generally 
be  described  as  a  lower  than  hydrostatic  referen- 
ced  annulus  pressure  responsive  second  piston 
means  168. 

The  second  piston  means  168  is  preferably 
referenced  to  substantially  atmospheric  pressure 
contained  in  a  sealed  low  pressure  chamber  170 
seen  in  FIG.  1C. 

A  prevention  means  generally  designated  by 
the  numeral  172  is  operatively  associated  with  the 
first  and  second  piston  means  166  and  168  for 
preventing  the  second  piston  means  168  from 
moving  from  its  first  position  as  seen  in  FIGS.  1C- 
1D  to  an  upper  second  position,  until  the  first 
piston  means  166  has  moved  at  least  part  way 
from  its  upper  first  position  seen  in  FIG.  1D  to  a 
lower  second  postion  relative  to  the  housing  12. 
This  too  is  described  in  substantially  greater  detail 
below. 

The  second  power  piston  means  168  can  gen- 
erally  be  described  as  ebing  operatively  associated 
with  both  the  safety  valve  means  82  and  circulating 
valve  means  84  of  the  operating  element  means  86 
for  permitting  the  operating  element  means  86  to 
move  from  a  first  element  position  wherein  the 
safety  valve  means  82  is  open  and  the  circulating 
valve  means  84  is  closed  to  a  second  element 
position  wherein  the  safety  valve  means  82  is 
closed  and  the  circulating  valve  means  84  is  open 
in  response  to  movement  of  the  second  piston 
means  168  upward  from  its  first  postion  shown  in 
FIG.  1C  to  an  upper  second  position  relative  to  the 
housing  12. 

The  first  power  piston  means  166  includes  an 
elongated  first  power  mandrel  174  having  an  en- 
larged  diameter  piston  176  defined  thereon  which 
is  closely  slidably  received  within  a  bore  178  of 
lower  power  housing  section  26.  A  sliding  piston 
seal  180  is  received  in  the  enlarged  piston  176  and 
sealingly  engages  the  bore  178. 

The  housing  12  has  first  and  second  pressure 
conducting  passage  means  182  and  184,  respec- 
tively,  disposed  therein  for  communicating  a  well 
annulus  exterior  of  the  housing  12  with  a  first  upper 
side  186  and  a  second  lower  side  188  of  the  piston 
176  of  first  piston  means  166.  The  upper  first  side 
186  can  generally  be  referred  to  as  a  high  pressure 
side,  and  the  lower  second  side  188  can  generally 
be  referred  to  as  a  low  pressure  side  of  the  piston 
176. 

The  first  pressure  conducting  passage  means 
182  includes  a  first  power  port  190  disposed  radi- 
ally  through  lower  power  housing  section  26,  and 
an  annular  space  192  defined  between  first  power 
mandrel  174  and  bore  178  above  piston  176. 

The  first  piston  means  166  includes  a  plurality 
of  integrally  formed  upward  extending  ridges  194 
which  abut  a  downward  facing  shoulder  196  of 

lower  power  housing  section  26. 
The  second  pressure  conducting  passage 

means  184  includes  an  annular  space  198  defined 
between  a  lower  portion  200  of  first  power  mandrel 

5  174  and  the  bore  178  of  lower  power  housing 
section  26. 

Second  pressure  conducting  passage  means 
184  also  includes  a  plurality  of  longitudinally  ex- 
tending  bores  202  disposed  through  filler  housing 

io  section  28. 
An  annular  equalizing  chamber  204  defined 

between  the  inner  and  outer  tubular  portions  32 
and  34  of  equalizing  chamber  housing  section  30  is 
also  included  in  second  pressure  conducting  pas- 

15  sage  means  184. 
The  longitudinal  bores  202  communicate  an- 

nular  space  198  with  annular  equalizing  chamber 
204.  A  lower  end  of  equalizing  chamber  204  is 
communicated  with  the  well  annulus  by  an  equaliz- 

20  ing  port  206  of  second  pressure  conducting  pas- 
sage  means  184. 

The  lower  portion  200  of  first  power  mandrel 
174  has  a  lower  end  201  with  a  cylindrical  outer 
surface  203  closely  received  within  an  upper  bore 

25  205  of  filler  housing  section  28  with  a  seal  being 
provided  therebetween  by  O-ring  207. 

The  first  power  mandrel  174  has  an  upper 
portion  208  which  has  a  cylindrical  outer  surface 
210  thereof  closely  slidably  received  within  a  bore 

30  212  of  lower  power  housing  section  26  with  a  seal 
being  provided  therebetween  by  O-ring  214. 

A  releasable  retaining  means  216  is  operably 
associated  with  the  upper  power  mandrel  portion 
208  of  first  piston  means  166  for  holding  the  first 

35  piston  means  166  in  its  first  position  as  seen  in 
FIG.  1D  until  a  pressure  differential  across  the 
piston  176  thereof  reaches  a  predetermined  value. 

The  releasable  retaining  means  216  in  the  illus- 
trated  embodiment  is  a  shear  set  consisting  of 

40  inner  and  outer  concentric  sleeves  218  and  220, 
respectively,  with  a  plurality  of  shear  pins  such  as 
222  received  in  aligned  radial  bores  disposed 
through  the  sleeves  218  and  220.  A  retaining 
sleeve  224  is  disposed  about  the  outer  sleeve  220 

45  to  hold  the  pins  222  in  place. 
A  downward  facing  annular  shoulder  226  of  an 

enlarged  diameter  portion  228  of  first  power  man- 
drel  174  engages  the  upper  end  of  inner  sleeve 
218,  while  an  upper  end  230  of  lower  power  hous- 

50  ing  section  26  engages  a  lower  end  232  of  outer 
sleeve  220  so  that  a  downward  load  placed  upon 
first  piston  means  166  will  be  placed  in  shear 
across  the  shear  pins  222. 

If  shear  pins  are  undesirable  in  a  particular 
55  tool,  other  constructions  of  the  releasable  retaining 

means  216  can  be  utilized.  For  example,  a  ring 
spring  type  retaining  device  could  be  utilized.  Addi- 
tionally,  individual  shear  pins  like  the  shear  pins 
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726  shown  in  FIG.  4D  and  discussed  below  could 
be  utilized  instead  of  the  shear  set  216.  Other 
types  of  retaining  means  could  also  be  utilized. 

The  prevention  means  172  seen  in  the  upper 
portion  of  FIG.  1D  is,  in  the  embodiment  of  FIGS. 
1A-1F,  a  releasable  mechanical  locking  means  172 
for  releasably  locking  the  second  piston  means  168 
in  its  lowermost  first  position  as  seen  in  FIGS.  1C- 
1D  so  long  as  the  first  piston  means  166  is  in  its 
uppermost  first  position  as  seen  in  FIG.  1D. 

The  releasable  mechanical  locking  means  172 
includes  a  spring  collet  234  connected  to  the  sec- 
ond  piston  means  168  and  including  a  plurality  of 
downward  extending  spring  fingers  such  as  236 
each  of  which  has  an  enlarged  lug  238  on  the 
lower  end  thereof.  In  the  embodiment  shown  in 
FIGS.  1C-1D,  the  spring  collet  234  is  constructed 
as  an  integral  part  of  a  second  power  mandrel  239 
of  second  piston  means  168. 

The  housing  12,  the  first  and  second  piston 
means  166  and  168,  and  the  spring  collet  234  are 
so  arranged  and  constructed  that  when  the  first 
piston  means  166  is  in  its  uppermost  first  position 
as  seen  in  FIG.  1D,  an  upper  cylindrical  outer 
surface  240  of  first  power  mandrel  174  engages 
the  spring  fingers  236  and  holds  the  lugs  238 
thereof  in  a  radially  outward  position  wherein  the 
lugs  238  engage  a  radially  inner  downward  facing 
tapered  shoulder  242  of  shear  set  housing  section 
24.  When  the  first  piston  means  166  moves  down- 
ward  relative  to  housing  12,  the  outer  surface  240 
thereof  will  move  downward  out  of  engagement 
with  the  spring  fingers  236  thus  releasing  the 
spring  fingers  234  and  the  lugs  238  thereof  so  that 
the  spring  fingers  234  may  deflect  radially  inward 
to  allow  the  second  power  mandrel  239  and  the 
spring  collet  234  to  move  upward  through  a  central 
bore  244  of  shear  set  housing  section  24. 

An  O-ring  246  provides  a  sliding  seal  between 
an  outer  surface  248  of  a  lower  portion  250  of 
second  power  mandrel  239  and  the  bore  244. 

The  second  piston  means  168  includes  the 
second  power  mandrel  239  and  an  enlarged  diam- 
eter  second  power  piston  252  which  is  closely 
received  within  a  bore  254  of  upper  power  housing 
section  22.  A  piston  seal  256  provides  a  sliding 
seal  between  enlarged  diameter  piston  262  and 
bore  254. 

An  upper  portion  258  of  second  power  mandrel 
239  has  a  cylindrical  outer  surface  260  which  is 
closely  and  slidably  received  within  a  reduced  di- 
ameter  bore  262  of  upper  power  housing  section 
22  with  a  seal  being  provided  therebetween  by 
sliding  O-ring  264. 

The  upper  end  of  second  power  mandrel  239 
is  connected  to  lower  seat  holder  128  at  threaded 
connection  266  with  a  seal  being  provided  there- 
between  by  O-ring  268. 

Upper  power  housing  section  22  has  a  second 
power  port  270,  which  may  also  be  generally  de- 
scribed  as  a  power  passage  270,  disposed  thereth- 
rough  which  always  communicates  the  well  annulus 

5  exterior  of  the  housing  12  with  a  lower  high  pres- 
sure  side  272  of  piston  252  of  second  piston 
means  168. 

The  second  piston  means  168  includes  a  plu- 
rality  of  ridges  274  extending  downward  from  pis- 

io  ton  252  to  prevent  the  lower  side  272  of  piston  252 
from  abutting  the  upper  end  of  shear  set  housing 
section  24. 

The  sealed  low  pressure  chamber  170  pre- 
viously  mentioned  is  defined  between  outer  surface 

is  260  of  upper  portion  258  of  second  power  mandrel 
239  and  the  bore  254  of  upper  power  housing 
section  22  between  seals  264  and  256.  As  pre- 
viously  mentioned,  the  low  pressure  chamber  170 
is  generally  filled  with  air  at  substantially  atmo- 

20  spheric  pressure  when  the  tool  10  is  assembled  at 
the  surface  of  the  earth. 

When  a  downward  pressure  differential  across 
first  piston  means  166  is  sufficiently  large  to  shear 
the  shear  pins  222,  the  first  piston  means  166 

25  moves  downward  thus  releasing  the  prevention 
means  172  and  allowing  the  second  piston  means 
168  to  be  moved  upward  by  the  upward  acting 
pressure  differential  between  the  well  annulus  and 
the  low  pressure  chamber  170. 

30  This  pushes  the  entire  safety  valve  assembly 
82  upward  relative  to  housing  12  thus  rotating  the 
ball  valve  116  thereof  to  a  closed  position. 

This  upward  motion  also  impacts  the  actuating 
mandrel  136  with  the  circulating  valve  sleeve  88  to 

35  shear  the  shear  pins  110  and  allow  the  circulating 
valve  sleeve  88  to  be  moved  upward  by  spring  102 
to  open  the  circulating  port  96. 

A  locking  means  276  is  operably  associated 
with  the  housing  12  and  the  upper  portion  258  of 

40  second  power  mandrel  239  of  second  piston 
means  168  for  locking  the  second  piston  means 
168  in  its  uppermost  second  position.  The  locking 
means  276  includes  a  plurality  of  segmented  lock- 
ing  dogs  278  biased  radially  inward  by  an  annular 

45  resilient  band  280. 
When  the  second  piston  means  168  is  in  its 

uppermost  second  position,  a  radially  outer  annular 
groove  282  thereof  receives  the  locking  dogs  278 
therein  to  lock  the  second  piston  means  168  in 

50  place  relative  to  the  housing  12. 
A  retarding  means  generally  designated  by  the 

numeral  284  is  disposed  in  the  second  pressure 
conducting  passage  184  of  housing  12  as  seen  in 
the  lower  portion  of  FIG.  1E.  The  retarding  means 

55  284  is  shown  in  a  greatly  enlarged  view  in  FIG.  2. 
The  retarding  means  284  can  generally  be 

described  as  a  means  for  delaying  communication 
of  a  sufficient  portion  of  a  relatively  rapid  increase 
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in  well  annulus  pressure  to  the  low  pressure  side 
188  of  first  piston  means  166  for  a  sufficient  time 
to  allow  a  downward  pressure  differential  across 
first  piston  means  166  to  move  the  first  piston 
means  166  from  its  first  position  as  illustrated  in 
FIGS.  1D-1E  to  a  lower  second  position. 

The  retarding  means  284  can  also  be  generally 
described  as  a  means  for  communicating  a  rela- 
tively  slow  increase  in  well  annulus  pressure  to  the 
low  pressure  side  188  of  first  piston  means  166 
quickly  enough  that  a  downward  pressure  differen- 
tial  across  first  piston  means  166  is  too  low  to 
move  the  first  piston  means  166  from  its  first 
position  to  a  lower  second  position,  so  that  hydro- 
static  well  annulus  pressure  may  be  substantially 
balanced  across  first  piston  means  166  as  the 
apparatus  10  is  lowered  into  a  well. 

As  previously  mentioned,  the  downward  pres- 
sure  differential  which  must  be  placed  across  first 
piston  means  166  to  move  it  downward  from  the 
first  position  illustrated  in  FIGS.  1D-1E  is  deter- 
mined  by  the  construction  of  the  releasable  retain- 
ing  means  216. 

Due  to  the  fact  that  the  retarding  means  284 
allows  relatively  slow  increases  in  well  annulus 
pressure  to  be  metered  through  to  the  lower  side 
188  of  first  piston  means  166,  to  thereby  balance 
hydrostatic  well  annulus  pressure  across  the  first 
piston  means  166  as  the  apparatus  10  is  lowered 
into  a  well,  the  retarding  means  284  can  be  said  to 
be  a  means  for  preventing  the  releasable  retaining 
means  216  from  having  any  substantial  force  ap- 
plied  thereacross  as  a  result  of  increasing  hydro- 
static  well  annulus  pressure  as  the  apparatus  10  is 
lowered  into  a  well. 

The  particular  embodiment  of  the  retarding 
means  284  shown  in  FIG.  2  can  generally  be 
described  as  a  metering  cartridge  284  which  di- 
vides  the  second  pressure  conducting  passage 
means  184  into  an  upper  first  portion  286  between 
the  lower  second  side  188  of  first  piston  means 
166  and  the  metering  cartridge  184,  and  a  lower 
second  portion  288  between  the  metering  cartridge 
284  and  the  well  annulus. 

The  metering  cartridge  284  has  a  pressurizing 
passage  290  disposed  therethrough  which  commu- 
nicates  the  first  and  second  portions  286  and  288 
of  second  pressure  conducting  passage  means 
184. 

Metering  cartridge  284  includes  a  fluid  flow 
restrictor  means  292  disposed  in  the  pressurizing 
passage  290  for  at  least  temporarily  delaying  trans- 
mission  of  relatively  rapid  increases  in  well  annulus 
pressure  to  the  lower  second  side  188  of  first 
piston  means  166. 

The  particular  embodiment  of  metering  car- 
tridge  284  shown  in  FIG.  2  can  also  generally  be 
described  as  a  selectively  actuatable  one-way 

check  valve  means  284  associated  with  the  second 
pressure  conducting  passage  means  184  for  pre- 
venting  flow  of  fluid  from  the  well  annulus  to  the 
lower  second  side  188  of  first  piston  means  166  so 

5  that  after  the  check  valve  284  is  actuated,  an 
increase  in  well  annulus  pressure  will  create  a 
pressure  differential  from  the  first  side  186  toward 
the  second  side  188  of  first  piston  means  166. 

The  retarding  means  or  check  valve  means 
io  284  includes  a  cylindrical  inner  body  294  having  a 

bore  296  disposed  therethrough.  A  cylindrical  outer 
surface  298  of  inner  tubular  member  32  of  equaliz- 
ing  chamber  housing  section  30  is  closely  received 
within  bore  296  and  an  O-ring  seal  300  is  provided 

is  therebetween. 
Body  294  includes  a  radially  outward  extending 

flange  302  on  the  upper  end  thereof  which  abuts  a 
lower  end  304  of  filler  housing  section  28. 

Body  member  294  includes  an  enlarged  inter- 
20  nal  diameter  surface  306  along  an  intermediate 

portion  thereof.  A  plurality  of  longitudinally  extend- 
ing  radially  inner  grooves  308  are  indicated  in 
dashed  lines  as  communicating  an  upper  end  310 
of  body  294  with  the  enlarged  inner  diameter  sur- 

25  face  306. 
Retarding  means  284  includes  a  sliding  check 

valve  member  312  having  a  bore  314  slidably 
received  about  a  cylindrical  external  surface  316  of 
body  294  with  three  sliding  seals  being  provided 

30  therebetween  by  O-rings  318,  320  and  322. 
Sliding  check  valve  member  312  includes  a 

cylindrical  outer  surface  313  slidably  received  with- 
in  a  bore  315  of  outer  tubular  member  34  of 
equalizing  chamber  housing  section  30  with  a  seal 

35  being  provided  therebetween  by  O-ring  317. 
Sliding  check  valve  member  312  includes  a 

longitudinal  bore  324  and  counterbore  326  dis- 
posed  therein.  The  upper  end  of  bore  324  commu- 
nicates  with  a  radial  bore  328  disposed  through 

40  sliding  check  valve  member  312.  Radial  bore  328 
is  closed  by  a  threaded  plug  330  at  its  outer  end. 

The  fluid  flow  restrictor  292  is  received  within 
the  counterbore  326. 

The  fluid  flow  restrictor  292  has  a  restricted 
45  area  flow  passage  332  disposed  therethrough. 

A  filter  screen  334  is  received  in  counterbore 
326  below  the  fluid  flow  restrictor  292. 

The  pressurizing  passage  290  previously  de- 
scribed  as  being  disposed  through  the  retarding 

50  means  284  includes  the  counterbore  326,  a  bore 
336  through  filter  334,  the  restricted  area  flow  pas- 
sage  332  through  fluid  flow  restrictor  292,  the  lon- 
gitudinal  bore  324,  the  radial  bore  328,  a  radial 
bore  338  disposed  through  body  member  294,  an 

55  annular  space  340  between  inner  tubular  member 
32  and  enlarged  diameter  inner  surface  306,  and 
the  longitudinal  grooves  308. 

The  retarding  means  284  includes  a  coil  com- 
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pression  spring  biasing  means  340  disposed  be- 
tween  flange  302  of  body  member  294  and  an 
upper  end  surface  342  of  sliding  check  valve  mem- 
ber  312.  The  spring  340  biases  the  sliding  check 
valve  member  312  toward  a  lower  first  position  as 
illustrated  in  FIG.  2  wherein  the  radial  bore  338  of 
body  member  294  is  located  between  first  and 
second  seals  318  and  320  so  that  the  pressurising 
passage  290  is  open  to  flow  therethrough. 

The  restricted  area  flow  passage  332  permits 
relatively  slow  increases  in  well  annulus  pressure 
to  be  transmitted  therethrough  to  the  lower  second 
side  188  of  first  piston  means  166,  because  rela- 
tively  slow  pressure  increases  such  as  are  encoun- 
tered  when  the  apparatus  10  is  lowered  into  a  well 
can  be  transferred  by  a  relatively  small  rate  of  fluid 
flow  through  the  restricted  area  flow  passage  332 
so  that  an  upward  pressure  differential  acting  on 
sliding  check  valve  member  312  as  a  result  of  the 
restricted  area  flow  passage  332  is  never  sufficient 
to  overcome  the  downward  bias  of  spring  340. 

If,  however,  a  relatively  rapid  increase  in  well 
annulus  pressure  is  experienced,  as  will  be  the 
case  when  a  tester  valve  located  in  the  testing 
spring  is  tested,  or  when  it  is  desired  to  operate 
the  combination  safety  valve  and  circulating  valve 
apparatus  10  of  the  present  invention,  fluid  flow 
through  the  restricted  area  flow  passage  332  can- 
not  proceed  at  a  fast  enough  rate  to  permit  that 
pressure  increase  to  be  transferred  therethrough. 
Instead,  the  restricted  area  flow  passage  332  de- 
lays  communication  of  such  a  relatively  rapid  in- 
crease  in  well  annulus  pressure  therethrough  so  as 
to  create  an  upward  pressure  differential  across  the 
sliding  check  valve  member  312  sufficient  to  over- 
come  the  spring  biasing  means  340  and  move  the 
sliding  check  valve  member  312  to  an  upper  sec- 
ond  position  wherein  second  seal  320  is  located 
above  radial  bore  338  of  body  member  294  thus 
closing  the  pressurising  passage  290  to  prevent 
any  further  flow  of  fluid  from  the  well  annulus 
therethrough  to  the  second  side  of  the  first  piston 
means  166. 

The  spring  340  seen  in  FIG.  2  is  preferably 
designed  such  that  when  a  relatively  rapid  well 
annulus  pressure  increase  in  excess  of  about  500 
to  about  600  psi  (3.4  to  4.1  MPa)  is  provided,  the 
spring  340  will  compress  thus  allowing  the  sliding 
check  valve  member  312  to  move  to  a  closed 
position. 

Referring  now  to  FIG.  1F,  the  annular  space 
204  has  a  floating  piston  344  received  therein 
which  has  inner  and  outer  seals  346  and  348, 
respectively,  which  seal  between  the  floating  piston 
344  and  the  inner  and  outer  tubular  members  32 
and  34,  respectively,  of  equalizing  chamber  hous- 
ing  section  30. 

The  annular  space  204  above  floating  piston 

344  and  all  those  other  portions  of  the  second 
pressure  conducting  passage  means  184  between 
floating  piston  344  and  the  lower  side  188  of  first 
piston  means  166  is  filled  with  a  liquid,  preferably 

5  silicone  oil.  It  is  this  silicone  oil  which  meters 
through  the  restricted  area  flow  passage  332.  Addi- 
tionally,  the  slight  compressibility  of  the  silicone  oil 
located  in  the  upper  first  portion  286  of  second 
pressure  conducting  passage  means  184  between 

io  the  first  piston  166  and  the  meteing  cartridge  284 
provides  the  necessary  decrease  in  volume  of  that 
fluid  to  allow  the  first  piston  means  166  to  move 
downward  under  its  designed  operating  pressures. 

The  floating  piston  344  separates  this  silicone 
is  oil  from  well  fluid  which  enters  the  equalizing  port 

206. 
The  combination  safety  and  circulating  valve 

apparatus  10  shown  in  FIGS.  1A-1F  and  FIG.  2  is 
assembled  in  a  well  test  string  like  that  shown  in 

20  FIG.  1  of  U.  S.  Patent  No.  4,270,610  to  Barrington, 
the  details  of  which  are  incorporated  herein  by 
reference.  As  described  in  the  Barrington  '610  pat- 
ent,  the  combination  safety-circulating  valve  would 
generally  be  located  in  the  position  indicated  by 

25  the  numeral  30  in  FIG.  1  of  the  Barrington  '610 
patent.  Also  included  in  that  test  string  is  a  tester 
valve  25  located  below  the  combination  safety- 
circulating  valve  30  and  a  packer  27. 

Such  a  test  string  including  the  apparatus  10  of 
30  the  present  invention  is  lowered  into  place  within  a 

well  and  the  packer  of  the  test  string  is  set  within 
the  well  bore  just  above  the  subsurface  formation 
which  is  to  be  tested. 

Hydrostatic  well  annulus  pressures  encoun- 
35  tered  in  such  a  well  may  be  on  the  order  of  68.9 

MPa  (10,000  psi). 
Assuming  for  example  that  the  apparatus  10  is 

being  utilized  in  a  well  for  which  that  hydrostatic 
well  annulus  pressure  at  the  depth  of  the  appartus 

40  10  is  68.9  MPa  (10,000  psi),  the  tester  valve  lo- 
cated  therebelow  will  generally  be  designed  to 
operate  at  a  well  annulus  pressure  of  10.3  MPa 
(1,500  psi)  above  hydrostatic,  that  is  a  total  well 
annulus  pressure  of  79.2  MPa  (11,500  psi).  The 

45  combination  safety-circulating  valve  10  of  the 
present  ivention  will  typically  be  designed  to  op- 
erate  at  a  well  annulus  pressure  of  3.4  MPa  (500 
psi)  above  that  at  which  the  tester  valve  operates, 
so  the  apparatus  10  of  the  present  invention  in 

50  such  a  context  would  be  designed  to  operate  at  a 
well  annulus  pressure  of  82.7  MPa  (12,000  psi). 

With  the  hydrostatically  referenced  first  piston 
means  166  as  utilized  in  the  apparatus  10,  the 
releasable  retaining  means  216  need  only  be  de- 

55  signed  to  withstand  the  difference  between  hydro- 
static  well  annulus  pressure  and  the  desired  op- 
erating  pressure  of  the  apparatus  10.  Thus  in  the 
example  just  given,  the  releasable  retaining  means 
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216  will  need  to  be  designed  to  withstand  the 
difference  between  82.7  and  68.9  MPa  (12,000  psi 
and  10,000  psi),  that  is  13.9  MPA  (2000  psi). 

Typically,  the  shear  pins  222  of  the  releasable 
retaining  means  216  are  constructed  so  that  each 
shear  pin  222  can  carry  the  load  generated  by  a 
3.4  MPa  (500  psi)  pressure  differential  across  the 
piston  means  166.  Thus,  for  the  example  just  giv- 
en,  the  releasable  retaining  means  216  would  need 
to  include  a  total  of  four  shear  pins  222  to  give  it 
an  operating  pressure  of  13.8  MPa  (2000  psi) 
above  hydrostatic  well  annulus  pressure. 

With  the  design  of  the  present  invention,  it  is 
possible  to  achieve  a  consistency  in  operating 
pressure  on  the  order  of  10%  so  that  when  the 
apparatus  10  is  designed  to  operate  at  a  pressure 
of  13.8  MPa  (2000  psi)  above  hydrostatic  well 
annulus  pressure,  it  will  operate  somewhere  in  the 
range  of  12.4  to  15.2  MPa  (1800  to  2200  psi)  very 
reliably. 

Generally,  the  design  operating  pressure  dif- 
ferential  at  which  the  apparatus  10  will  be  designed 
to  operate  is  in  the  range  from  about  10.4  to  about 
17.2  MPa  (1500  psi  to  about  2500  psi)  above 
hydrostatic  well  annulus  pressure. 

With  shear  pins  such  as  those  mentioned 
wherein  each  pin  can  restrain  approximately  3.4 
MPa  (500  psi)  pressure  differential,  this  means  that 
no  more  than  five  shear  pins  222  will  have  to  be 
used  in  the  releasable  retaining  means  216. 

Thus,  the  number  of  shear  pins  utilized  as 
compared  to  an  apparatus  like  that  shown  in  the 
Barrington  4,270,610  patent  is  greatly  reduced  thus 
substantially  minimizing  the  inconsistencies  in  op- 
erating  pressure  of  the  tool. 

Additionally,  those  shear  pins  222  which  are 
used  are  not  subjected  to  any  significant  load  as 
the  apparatus  10  is  lowered  into  a  well,  thus  further 
increasing  the  consitency  of  the  design  operating 
pressure  of  the  apparatus  10. 

As  the  apparatus  10  is  being  lowered  into  a 
well,  the  slowly  increasing  hydrostatic  well  annulus 
pressure  corresponding  to  the  increasing  depth  of 
the  apparatus  10  within  the  well  can  be  metered 
through  the  pressurzing  passage  290  of  the  meter- 
ing  cartridge  284  so  that  this  increased  well  an- 
nulus  pressure  is  substantially  balanced  across  first 
piston  means  166  so  that  no  substantial  loading  is 
applied  to  the  shear  pins  222. 

After  the  apparatus  1  0  has  been  lowered  to  the 
desired  depth  within  a  well,  the  packer  located 
therebelow  in  the  test  string  will  be  set  to  anchor 
the  test  string  within  the  well  bore  and  to  seal  the 
well  annulus  above  the  subsurface  formation  being 
tested. 

Then,  well  annulus  pressure  will  typically  be 
increased  by  about  10.3  MPa  (1500  psi)  above 
hydrostatic  well  annulus  pressure  one  or  more 

times  to  operate  the  tester  valve  located  in  the  test 
string  so  that  the  formation  fluid  may  flow  upwardly 
through  the  test  string. 

Each  time  well  annulus  pressure  is  rapidly  in- 
5  creased  to  operate  the  tester  valve,  the  sliding 

check  valve  member  312  will  be  forced  upward  to 
close  the  pressurizing  passage  290  due  to  the 
resistance  to  fluid  flow  provided  by  the  restricted 
area  flow  passage  332.  Each  time  well  annulus 

io  pressure  is  reduced  back  to  hydrostatic  pressure, 
the  compression  spring  340  will  move  the  sliding 
check  valve  member  312  down  to  the  open  posi- 
tion  shown  in  FIG.  2. 

In  a  typical  well  testing  program,  the  last  time 
is  the  tester  valve  is  opened,  it  will  be  held  in  the 

open  position  by  maintaining  the  increased  well 
annulus  pressure  until  such  time  as  it  is  desired  to 
close  the  safety  valve  means  82  and  open  the 
circulating  valve  means  84  of  the  apparatus  10. 

20  During  the  time  periods  in  which  well  annulus 
pressure  has  been  increased  to  operate  the  tester 
valve,  the  increase  in  well  annulus  pressure  of 
approximately  10.3  MPA  (1500  psi)  creates  a 
downward  force  on  the  first  piston  means  166,  but 

25  the  first  piston  means  166  is  retained  against 
movement  by  the  releasable  retaining  means  216 
which  has  been  designed  to  require  a  higher  pres- 
sure  differential  for  operation. 

When  it  is  desired  to  operate  the  combination 
30  safety-circulating  valve  apparatus  10,  well  annulus 

pressure  is  further  increased  to  the  design  operat- 
ing  presure  of  13.8  MPa  (2000  psi)  above  hydro- 
static  well  annulus  pressure.  This  downward  pres- 
sure  differential  of  13.8  MPa  (2000  psi)  across  the 

35  first  piston  means  166  will  shear  the  shear  pins  222 
of  releasable  retaining  means  216  thus  allowing  the 
first  piston  means  166  to  move  downward  relative 
to  the  housing  12. 

As  the  first  piston  means  166  moves  downward 
40  relative  to  the  housing  12,  the  silicone  oil  in  the 

upper  portion  286  of  second  pressure  conducting 
passage  means  184  will  be  compresed  to  allow  the 
volume  decrease  required  to  accommodate  down- 
ward  movement  of  the  first  piston  means  166. 

45  As  the  first  piston  166  moves  downward,  the 
upper  end  thereof  will  move  out  of  engagement 
with  the  spring  collet  234  thus  allowing  the  spring 
fingers  236  thereof  to  be  deflected  radially  inward. 

That  will  release  the  second  piston  means  168 
50  which  at  that  time  will  have  a  very  large  upward 

pressure  differential  thereacross.  The  upward  pres- 
sure  differential  across  second  piston  means  168 
will  be  the  difference  between  the  increased  well 
annulus  pressure,  which  in  the  example  given 

55  above  is  82.7  MPa  (12,000  psi),  and  the,  substan- 
tially  atmospheric  pressure,  that  is  substantially 
zero,  in  low  pressure  chamber  170. 

This  great  pressure  differential  acting  upwardly 
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across  second  piston  means  168  will  move  the 
second  piston  means  168  upward  very  rapidly. 

As  previously  mentioned,  upward  movement  of 
the  second  piston  means  168  moves  the  ball  valve 
116  of  safety  valve  means  82  upward  relative  to 
housing  12  thus  rotating  the  ball  valve  116  to  a 
closed  position  closing  the  flow  passage  124 
through  the  housing  12. 

Additionally,  this  upward  movement  of  second 
piston  means  168  causes  the  actuating  mandrel 
136  to  impact  the  circulating  valve  sleeve  88  thus 
shearing  the  shear  pins  110  holding  the  circulating 
valve  sleeve  88  in  its  closed  position.  The  spring 
102  of  circulating  valve  means  84  then  aids  in 
moving  the  circulating  valve  sleeve  88  upward  to 
open  the  circulating  port  96. 

In  the  apparatus  10  shown  in  FIGS.  1A-1F,  the 
ball  valve  116  will  close  a  very  short  time  before 
the  circulating  valve  means  84  opens. 

Thus,  the  apparatus  10  provides  a  combination 
safety-circulating  valve  which  has  eliminated  the 
problem  of  inconsistent  operating  pressures  by 
providing  the  first  piston  means  166  which  is  re- 
ferenced  to  hydrostatic  well  annulus  pressure  thus 
greatly  reducing  the  number  of  shear  pins  222 
which  must  be  utilized  to  hold  the  apparatus  10  in 
its  initial  position  until  the  desired  time  of  operation. 

Additionally,  the  pressure  balancing  feature 
provided  for  the  first  piston  means  166  prevents 
the  shear  pins  222  from  being  substantially  loaded 
as  the  apparatus  10  is  being  lowered  into  a  well. 

Furthermore,  this  has  been  accomplished  with- 
out  sacrificing  the  high  pressure  differential  opera- 
tion  provided  by  an  atmospheric  reference  power 
piston  such  as  the  second  piston  means  168. 

It  is  important  to  have  a  high  operating  pres- 
sure  differential  on  the  second  piston  means  168  to 
provide  as  large  a  force  as  possible  for  closing  the 
ball  type  safety  valve  82  to  assure  that  the  safety 
valve  82  is  closed  completely  and  rapidly. 

Additionally,  by  making  the  second  piston 
means  168  referenced  to  atmospheric  pressure 
and  providing  this  large  operating  pressure  dif- 
ferential  thereacross,  the  force  applied  to  close  the 
ball  valve  116  of  safety  valve  means  82  is  great 
enough  that  it  can  even  close  the  ball  valve  116 
when  a  wireline  has  been  run  therethrough,  thus 
shearing  the  wireline.  This  is  important  because  it 
allows  the  ball  valve  116  to  be  closed  very  rapidly 
when  an  emergency  arises  and  there  is  not  time  to 
remove  the  wireline  from  the  bore  of  the  tool. 

This  rapid  forceful  closing  is  in  contrast  to 
devices  such  as  that  shown  in  U.  S.  Patent  No. 
4,422,506  and  4,429,748  to  Beck  wherein  a  ball 
type  tester  valve  is  operated  solely  by  a  hydro- 
static  referenced  annulus  pressure  responsive  pow- 
er  piston.  With  tools  of  that  type,  there  is  some- 
times  a  problem  in  that  the  tester  valve  may  not 

completely  close  when  well  annulus  pressure  is 
suddenly  bled  off.  This  is  because  the  pressure 
differential  acting  to  reclose  the  tester  valve  will 
only  be  on  the  order  of  1500  psi  (10.4  MPa). 

5  It  is  noted  that  both  the  safety  valve  means  82 
and  the  circulating  valve  means  84  of  the  operating 
element  means  86  of  apparatus  10  are  constructed 
so  that  they  irreversibly  move  from  their  first  posi- 
tions  as  illustrated  in  FIGS.  1A-1C  to  their  second 

io  positions  previously  described.  That  is,  the  safety 
valve  means  82  and  circulating  valve  means  84 
cannot  be  returned  to  their  first  positions  by  further 
normal  operation  of  the  tool  10. 

Referring  now  to  FIGS.  3A-3H,  a  second  em- 
is  bodiment  of  the  present  invention  is  shown  and 

generally  designated  by  the  numeral  400. 
The  apparatus  400  includes  a  housing  402 

made  up  of  first  and  second  longitudinally  tele- 
scoping  housing  assemblies  404  and  406,  respec- 

20  tively. 
The  first  housing  assembly  404  includes  an 

upper  adapter  408,  a  spring  housing  section  410,  a 
ball  valve  housing  section  412,  an  upper  power 
housing  section  414,  a  shear  set  housing  section 

25  416,  a  lower  power  housing  section  418,  an  upper 
filler  housing  section  420,  a  liquid  spring  chamber 
housing  section  422  including  inner  and  outer  tubu- 
lar  members  424  and  426,  a  lower  filler  housing 
section  428,  and  an  equalizing  chamber  housing 

30  section  430. 
The  various  section  408-430  of  the  first  hous- 

ing  assembly  404  are  each  threadedly  connected 
together  and  provided  with  O-ring  seals  there- 
between  as  illustrated. 

35  The  second  housing  assembly  406,  beginning 
at  its  lower  end,  includes  a  lower  adapter  432,  an 
equalizing  port  housing  section  434,  a  connector 
housing  section  436  and  a  metering  cartridge  hous- 
ing  section  438. 

40  The  various  sections  432-438  of  the  second 
housing  assembly  406  are  threadedly  connected 
together  and  provided  with  suitable  O-ring  seals 
therebetween  as  illustrated. 

The  second  housing  assembly  406  has  its  up- 
45  per  portion  silidably  received  within  a  lower  portion 

of  the  first  housing  assembly  404. 
Equalizing  port  housing  section  434  of  second 

housing  assembly  406  includes  a  plurality  of  radi- 
ally  outward  extending  splines  440  which  are 

50  meshed  with  a  plurality  of  radially  inwardly  extend- 
ing  splines  442  of  equalizing  chamber  housing 
section  430  of  first  housing  assembly  404  to  permit 
longitudinal  telescoping  motion  and  to  prevent  rela- 
tive  rotational  motion  between  the  first  and  second 

55  housing  assemblies  404  and  406  of  housing  402. 
In  FIGS.  3A-3H,  the  first  and  second  housing 

assemblies  404  and  406  are  shown  in  a  telescopin- 
gly  extendedmost  position  defined  by  abutment  of 

11 
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lower  ends  444  of  splines  440  with  an  upward 
facing  annular  shoulder  446  of  equalizing  chamber 
housing  section  430. 

The  apparatus  400  has  a  ball  type  safety  valve 
means  448  disposed  therein  as  shown  in  FIG.  3c, 
and  a  sliding  sleeve  type  circulating  valve  means 
450  disposed  therein  as  shown  in  FIGS.  3A-3B. 
The  safety  valve  means  448  and  circulating  valve 
means  450  may  collectively  be  referred  to  as  an 
operating  element  means  452  of  the  apparatus  400. 

The  details  of  construction  of  the  safety  valve 
means  448  are  substantially  identical  to  those  of 
the  safety  valve  means  82  of  the  apparatus  10 
described  above  with  reference  to  FIG.  1C  and  will 
not  be  repeated. 

The  apparatus  400  also  includes  a 
hydrostatically  referenced  annulus  pressure  re- 
sponsive  first  piston  means  453  and  an  atmo- 
spheric  referenced  annulus  pressure  responsive 
second  power  piston  means  455  connected  to- 
gether  by  a  prevention  means  457  all  of  which 
operate  in  relation  to  each  other  in  generally  the 
same  manner  as  indicated  for  the  analogous  com- 
ponents  of  the  apparatus  10  of  FIGS.  1A-1F.  Any 
specific  differences  of  significance  are  pointed  out 
below. 

The  construction  of  the  circulating  valve  means 
450  of  apparatus  400  is  somewhat  modified  from 
that  of  the  apparatus  10  shown  in  FIGS.  1A-1B. 

The  circulating  valve  means  450  includes  a 
circulating  port  454  disposed  through  the  upper 
adapter  408.  Upper  adapter  408  carries  upper  and 
lower  O-ring  seals  456  and  458  for  sealing  against 
a  cylindrical  outer  surface  460  of  a  circulating  valve 
sleeve  462  when  the  circulating  valve  sleeve  462  is 
in  a  closed  position  as  seen  in  FIGS.  3A-3B. 

The  circulating  valve  sleeve  462  includes  an 
upper  portion  464  and  a  lower  portion  466 
threadedly  connected  together  at  468. 

Integrally  constructed  at  the  lower  end  of  lower 
portion  466  of  circulating  valve  sleeve  462  is  a 
spring  collet  470  including  a  plurality  of  spring 
fingers  472  each  of  which  includes  an  enlarged  lug 
474  on  the  lower  free  end  thereof. 

A  coil  compression  spring  biasing  means  476 
is  disposed  between  a  lower  end  478  of  upper 
adapter  408  and  an  upper  end  480  of  a  spring 
retaining  sleeve  482  which  is  received  about  lower 
portion  466  of  circulating  valve  sleeve  462. 

The  spring  retaining  sleeve  482  includes  a 
radially  inward  extending  annular  flange  484  which 
abuts  an  upward  facing  annular  shoulder  486  of 
lower  portion  466  of  circulating  valve  sleeve  462. 

Thus,  the  spring  476  biases  the  circulating 
valve  sleeve  462  downward  towards  an  open  posi- 
tion  further  described  below. 

An  actuating  mandrel  488  is  attached  to  the 
safety  valve  means  448  for  longitudinal  upward 

movement  therewith  relative  to  the  housing  12. 
The  actuating  mandrel  488  has  a  main  cylin- 

drical  outer  surface  490  and  a  reduced  diameter 
cylindrical  outer  surface  492. 

5  The  housing  402,  circulating  valve  sleeve  462, 
and  actuating  mandrel  488  are  so  arranged  and 
constructed  that  when  the  second  piston  means 
455  is  in  its  first  position  as  illustrated  in  FIGS.  3A- 
3D,  the  main  cylindrical  outer  surface  490  of  ac- 

io  tuating  mandrel  488  engages  the  lugs  474  of 
spring  fingers  472  of  spring  collet  470  to  hold  the 
lugs  474  in  a  radially  outward  position  wherein  the 
lugs  474  are  engaged  with  an  upward  facing  an- 
nular  tapered  inner  shoulder  494  of  spring  housing 

is  section  410  to  initially  hold  the  circulating  valve 
sleeve  462  in  its  closed  position. 

When  the  second  piston  means  455  moves  to 
its  uppermost  second  position  relative  to  the  hous- 
ing  402,  the  reduced  diameter  cylindrical  outer 

20  surface  492  of  actuating  mandrel  488  is  aligned 
with  the  lugs  474  of  spring  fingers  472  to  allow  the 
lugs  474  to  deflect  radially  inward  so  that  the 
spring  476  may  move  the  circulating  valve  sleeve 
462  downward  to  an  open  position  wherein  an 

25  upper  end  496  of  circulating  valve  sleeve  462  is 
located  below  circulating  port  454. 

An  upper  portion  of  the  outer  cylindrical  sur- 
face  490  of  actuating  mandrel  488  is  slidably  re- 
ceived  within  a  bore  498  of  lower  portion  466  of 

30  circulating  valve  sleeve  462. 
The  second  piston  means  455  includes  a  sec- 

ond  power  mandrel  500  connected  at  threaded 
connection  502  to  the  lower  seat  holder  504  of  the 
safety  valve  means  448. 

35  Second  piston  means  455  includes  an  enlarged 
diameter  piston  506  defined  thereon  which  carries 
a  sliding  piston  seal  508  which  seals  against  a  bore 
510  of  upper  power  housing  section  414. 

A  second  power  port  512  is  disposed  through 
40  upper  power  housing  section  414  below  the  piston 

seal  508  of  piston  506  for  communicating  well 
annulus  pressure  with  the  lower  side  of  second 
power  piston  means  455. 

An  upper  low  pressure  side  514  of  second 
45  power  piston  means  455  is  communicated  with  a 

sealed  low  pressure  chamber  516  which  generally 
contains  air  at  substantially  atmospheric  pressure. 

The  lower  end  of  second  power  mandrel  500 
carries  a  spring  collet  518  which  comprises  the 

50  prevention  means  457  and  is  substantially  similar 
to  the  spring  collet  234  of  prevention  means  172  of 
the  apparatus  10  of  FIGS.  1A-1F. 

The  first  power  piston  means  453  includes  a 
first  power  mandrel  520  and  an  enlarged  diameter 

55  piston  522  carrying  a  piston  seal  524  which  is 
slidably  received  in  a  bore  526  of  lower  power 
housing  section  418. 

A  first  power  port  528  is  disposed  through 
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lower  power  housing  section  418  above  the  seal 
524  of  first  piston  means  453. 

An  upper  extension  530  of  first  power  mandrel 
520  is  threadedly  connected  thereto  at  threaded 
connection  532.  The  upper  extension  530  of  first 
power  mandrel  520  has  defined  thereon  a  cylin- 
drical  outer  surface  534  which  is  analogous  to  the 
cylindrical  outer  surface  240  seen  in  FIG.  1D,  and 
which  cooperates  with  the  spring  collett  518  so  as 
to  release  the  srping  collet  518  when  the  first 
power  mandrel  520  is  moved  downward  relative  to 
housing  402. 

A  shear  set  type  releasable  retaining  means 
536  analogous  to  the  releasable  retaining  means 
216  of  FIG.  1D  is  located  between  a  lower  end  438 
of  upper  extension  530  and  an  upper  end  540  of 
lower  power  housing  section  418. 

A  locking  means  542  analogous  to  the  locking 
means  276  of  FIG.  1C  operates  to  lock  the  second 
power  mandrel  500  in  an  uppermost  second  posi- 
tion  wherein  locking  dogs  544  are  received  within 
an  annular  groove  546  of  second  power  mandrel 
500. 

A  lower  portion  548  of  first  power  mandrel  520 
is  slidably  received  within  a  bore  550  of  upper  filler 
housing  section  420  with  a  seal  being  provided 
therebetween  by  O-ring  552. 

The  lower  portions  of  the  apparatus  400  seen 
in  FIGS.  3E-3H  are  considerably  different  from  the 
lower  portions  of  the  apparatus  10  of  FIGS.  1A-1F 
and  now  will  be  described  in  further  detail. 

The  housing  402  can  generally  be  described 
as  having  first  and  second  pressure  conducting 
passage  means  disposed  therein  for  communicat- 
ing  a  well  annulus  exterior  of  the  housing  402  with 
a  first  upper  high  pressure  side  558  and  a  second 
lower  low  pressure  side  560  of  first  power  piston 
means  453,  in  a  manner  analogous  to  the  first  and 
second  pressure  conducting  passage  means  182 
and  184  of  the  apparatus  10  of  FIGS.  1A-1F. 

The  first  pressure  conducting  passage  means 
554  includes  the  first  power  port  528  and  an  an- 
nular  space  562  defined  between  first  power  piston 
means  453  and  bore  526  above  piston  seal  524. 

The  second  pressure  conducting  passage 
means  556  includes  an  annular  space  564  between 
first  power  mandrel  520  and  bore  526  below  piston 
seal  524,  a  plurality  of  longitudinal  bores  566  dis- 
posed  through  upper  filler  housing  section  420,  an 
annular  liquid  spring  chamber  568  defined  between 
inner  and  outer  tubular  members  424  and  426  of 
liquid  spring  chamber  housing  section  422,  a  plu- 
rality  of  longitudinal  ports  570  disposed  through 
lower  filler  housing  section  428,  an  annular  space 
572  defined  between  metering  cartridge  housing 
section  438  and  equalizing  chamber  housing  sec- 
tion  430,  a  pressurizing  passage  574  defined 
through  an  enlarged  diameter  metering  cartridge 

portion  576  of  metering  cartridge  housing  section 
438,  an  equalizing  chamber  578  between  connector 
housing  section  436  and  equalizing  chamber  hous- 
ing  section  430,  and  a  plurality  of  longitudinal 

5  equalizing  parts  580  disposed  through  equalizing 
port  housing  section  434.  The  longitudinal  equaliz- 
ing  ports  580  terminate  in  an  annular  groove  581  of 
equalizing  port  housing  section  434. 

The  equalizing  chamber  578  includes  a  floating 
io  piston  602  therein  having  inner  and  outer  seals  604 

and  606  for  separating  silicone  oil  located 
thereabove  from  well  fluid  located  therebelow. 

The  apparatus  400  includes  a  selectively  ac- 
tuatable  one-way  check  valve  means  582  seen  in 

75  FIG.  3H  which  is  connected  to  the  lower  end  of 
equalizing  chamber  housing  section  430  by  screws 
584. 

The  check  valve  means  582  is  a  cylindrical 
device  having  an  inner  bore  586  closely  and  slidab- 

20  ly  received  about  a  cylindrical  external  surface  588 
of  equalizing  port  housing  section  434. 

Check  valve  means  582  includes  a  plurality  of 
radial  ports  590  which  communicate  the  inner  bore 
586  with  a  V-shaped  radially  outer  groove  592  of 

25  check  valve  means  582. 
A  resilient  annular  sealing  band  594  is  received 

abou  the  V-shaped  groove  592  in  such  a  manner 
that  it  normally  closes  the  outer  ends  of  the  radial 
ports  590. 

30  Check  valve  means  582  carries  upper  and  low- 
er  O-ring  seals  596  and  598  which  seal  against  the 
outer  surface  588  of  equalizing  port  housing  sec- 
tion  434. 

When  first  housing  assembly  404  moves  down- 
35  ward  relative  to  second  housing  assembly  406  in  a 

manner  further  described  below,  the  check  valve 
means  582  is  moved  downward  until  its  radial  ports 
590  communicate  with  the  annular  outer  groove 
581  of  equalizing  port  housing  section  434  with  the 

40  seals  596  and  598  sealing  against  the  outer  surface 
588  above  and  below  the  groove  581  ,  respectively. 

When  the  check  valve  means  582  has  been 
moved  downward  in  the  manner  just  described,  it 
may  be  said  to  be  in  a  selectively  actuated  position 

45  in  which  the  resilient  sealing  band  594  will  prevent 
any  increasae  in  well  annulus  pressure  from  being 
transmitted  through  the  second  pressure  conduct- 
ing  passage  means  556  to  the  second  low  pressure 
side  560  of  first  piston  means  453  so  that  an 

50  increase  in  well  annulus  pressure  will  create  a 
downward  pressure  differential  across  a  first  piston 
means  453. 

The  relative  telescoping  motion  betwen  the  first 
and  second  housing  assemblies  404  and  406  is 

55  controlled  by  the  metering  cartridge  section  576 
seen  in  FIG.  3G. 

The  pressurizing  passage  574  disposed 
through  metering  cartridge  section  576  has  a  re- 
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duced  diameter  fluid  flow  restricting  orifice  means 
600  schematically  shown  in  FIG.  3G  which  im- 
pedes  relative  longitudinal  movement  between  the 
first  and  second  housing  assemblies  404  and  406 
due  to  the  time  required  to  meter  fluid  contained  in 
the  annular  space  572  and  the  equalizing  chamber 
578  therethrough. 

The  purpose  of  the  metering  cartridge  section 
576  is  to  maintain  the  first  and  second  housing 
assemblies  404  and  406  in  their  relatively  extended 
position  as  seen  in  FIGS.  3A-3H  as  the  apparatus 
400  is  being  run  into  a  well. 

The  apparatus  400  of  FIGS.  3A-3H  is  made  up 
in  a  well  test  string  like  that  shown  in  FIG.  1  of  U. 
S.  Patent  No.  4,270,610  to  Barrington  previously 
discussed.  The  apparatus  400  is  initially  in  the 
position  illustrated  in  FIGS.  3A-3H. 

As  the  apparatus  400  is  run  into  the  well  with 
the  test  string,  the  relatively  slow  increases  in  well 
annulus  pressure  will  be  metered  through  the  flow 
restrictor  600  of  metering  cartridge  576  at  a  suffi- 
ciently  fast  rate  to  prevent  any  significant  down- 
ward  pressure  differential  from  being  applied 
across  first  piston  means  453.  Thus,  pressures 
across  first  piston  means  453  are  substantially  bal- 
anced  as  the  apparatus  400  is  run  into  a  well,  and 
no  signficiant  load  is  placed  upon  the  shear  pins  of 
the  shear  set  536  seen  in  FIG.  3D. 

The  metering  cartridge  section  576  also  serves 
to  prevent  the  first  housing  assembly  404  from 
moving  downward  over  the  second  housing  assem- 
bly  406  due  to  compressional  loads  of  short  dura- 
tion  encountered  as  the  test  string  is  lowered 
through  the  well.  This  again  is  due  to  the  time 
delay  provided  by  the  flow  resistrictor  600. 

After  the  apparatus  400  is  lowered  to  the  de- 
sired  location  within  a  well,  a  packer  located  there- 
below  in  the  test  string  is  set. 

Then,  weight  is  set  down  on  the  test  string  in 
order  to  move  the  first  housing  assembly  404 
downward  over  the  second  housing  assembly  406 
so  that  the  groove  581  is  located  between  seals 
596  and  598  thus  placing  the  check  valve  582  over 
the  open  lower  end  of  second  pressure  conducting 
passage  means  556  defined  by  the  groove  581. 
This  traps  hydrostatic  well  annulus  pressure  below 
first  piston  453  and  thereafter,  no  subsequent  well 
annulus  pressure  increase  can  be  transferred  to  the 
second  low  pressure  side  560  of  first  piston  means 
453. 

Then,  well  annulus  pressure  will  be  increased 
to  an  intermediate  level  to  operate  a  tester  valve 
located  in  the  test  string.  During  operation  of  the 
tester  valve,  the  releasable  retaining  means  536  will 
prevent  operation  of  the  apparatus  400. 

Then  upon  increase  of  well  annulus  pressure  to 
an  appropriate  operating  pressure  to  shear  the 
shear  pins  of  shear  set  536,  the  first  piston  means 

453  will  move  downward  releasing  the  spring  collet 
518  and  thus  allowing  the  second  power  piston 
means  455  to  be  moved  upward  thus  closing  the 
ball  valve  of  safety  valve  means  448  and  moving 

5  the  actuating  mandrel  488  to  a  position  which  re- 
leases  the  spring  collet  472  of  circulating  valve 
450. 

Then,  the  spring  476  of  circulating  valve  450 
may  move  the  circulating  valve  sleeve  462  down- 

io  ward  to  uncover  the  circulating  port  454. 
Referring  now  to  FIGS.  4A-4I,  a  third  embodi- 

ment  of  the  combination  safety-circulating  valve  of 
the  present  invention  is  shown  and  generally  des- 
ignated  by  the  numeral  650. 

is  The  apparatus  650  includes  a  housing  652 
which  includes  an  upper  adapter  654,  a  spring 
housing  section  656,  a  ball  valve  housing  section 
658,  an  upper  power  housing  section  660,  a  shear 
set  housing  section  662,  a  shear  nipple  housing 

20  section  664,  a  lower  power  housing  section  666,  a 
nitrogen  filler  nipple  housing  section  668,  a  nitro- 
gen  chamber  housing  section  670  having  inner  and 
outer  tubular  members  671  and  673,  a  lower  filler 
nipple  housing  section  672,  an  equalizing  chamber 

25  housing  section  674,  and  a  lower  adapter  676. 
Housing  652  also  includes  an  upper  inner  man- 

drel  housing  section  678,  a  metering  cartridge 
housing  section  680,  and  an  inner  equalizing  cham- 
ber  mandrel  housing  section  682. 

30  The  apparatus  650  includes  a  rotatable  full 
opening  ball  type  safety  valve  means  684  seen  in 
FIG.  4C,  and  a  sliding  sleeve  type  circulating  valve 
means  686  seen  in  FIGS.  4A-4B  which  may  be 
jointly  referred  to  as  an  operating  element  means 

35  688. 
The  safety  valve  means  684  FIG.  4C  is  sub- 

stantially  similar  to  the  safety  valve  means  82  of 
FIG.  1C. 

The  circulating  valve  means  686  of  FIGS.  4A- 
40  4B  is  substantially  similar  to  the  circulating  valve 

means  450  of  FIGS.  3A-3B. 
An  actuating  mandrel  694  extending  upward 

from  safety  valve  means  684  is  constructed  and 
functions  in  a  substantially  identical  maner  to  the 

45  actuating  mandrel  488  of  the  apparatus  400  of 
FIGS.  3A-3H. 

The  apparatus  650  includes  a  hydrostatically 
referenced  annulus  pressure  responsive  first  power 
piston  means  690,  and  an  atmospheric  referenced 

50  annulus  pressure  responsive  second  power  piston 
means  692  which  generally  function  in  a  manner 
similar  to  the  first  and  second  piston  means  166 
and  168  of  the  apparatus  10  of  FIGS.  1A-1F,  but 
which  are  operationally  connected  together  in  a 

55  very  different  manner  as  further  described  below. 
In  the  apparatus  650,  the  manner  of  balancing 

hydrostatic  well  annulus  pressure  across  the  first 
piston  means  690  is  considerably  different  from 
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that  shown  in  either  of  the  two  embodiments  pre- 
viously  described.  It  is,  however,  very  similar  to  the 
manner  utilized  in  U.  S.  Patent  No.  4,422,506  to 
Beck  with  regard  to  the  power  piston  252  shown  in 
FIG.  2C  thereof. 

The  first  power  piston  means  690  includes  a 
first  power  mandrel  696  having  an  enlarged  diam- 
eter  piston  698  defined  theron  which  carries  a 
piston  seal  700  which  sealingly  engages  a  bore 
702  of  lower  power  housing  section  666. 

A  lower  end  of  first  power  mandrel  696  has  a 
cylindrical  outer  surface  704  which  is  slidably  re- 
ceived  within  a  bore  706  of  nitrogen  filler  nipple 
housing  section  668  with  upper  and  lower  sliding 
seals  being  provided  therebetween  by  O-ring 
means  708  and  710. 

A  transverse  port  712  communicates  an  inner 
annular  groove  714  of  nitrogen  filler  nipple  housing 
section  668  with  an  exterior  of  the  housing  652  to 
prevent  hydraulic  binding  of  the  first  power  man- 
drel  696. 

First  piston  means  690  includes  an  intermedi- 
ate  extension  716  of  first  power  mandrel  696  which 
is  threadedly  connected  thereto  to  threaded  con- 
nections  718  with  a  seal  being  provided  there- 
between  by  O-ring  720. 

Intermediate  extension  716  includes  a  plurality 
of  radially  outward  extending  splines  722  which 
mesh  with  a  plurality  of  radially  inward  extending 
splines  724  of  shear  nipple  housing  section  664  to 
allow  relative  longitudinal  movement  but  prevent 
relative  rotational  movement  between  the  first  pis- 
ton  means  690  and  the  housing  652. 

One  or  more  individual  shear  pins  726  received 
in  individual  shear  pin  holders  728  threadedly  con- 
nected  to  threaded  radially  bores  730  of  shear 
nipple  housing  section  664  are  received  in  a  radi- 
ally  outer  annular  groove  732  of  intermediate  ex- 
tension  716  to  aid  in  initially  holding  the  first  piston 
means  690  in  its  uppermost  first  position  as  seen 
in  FIGS.  4D-4E. 

A  cylindrical  outer  surface  734  of  intermediate 
extension  716  is  closely  received  within  a  bore  736 
of  shear  nipple  housing  section  664  with  a  seal 
being  provided  therebetween  by  O-ring  means  738. 

An  upper  extension  740  of  first  power  mandrel 
696  is  connected  to  intermediate  extension  716  at 
threaded  connection  742. 

A  shear  set  type  releasable  retaining  means 
744  analogous  to  the  shear  set  releasable  retaining 
means  216  of  FIG.  1D  is  located  betwen  a  lower 
end  746  of  upper  extension  740  and  an  upper  end 
748  of  the  shear  nipple  housing  section  664. 

It  will  be  appreciated  that  the  shear  set  releas- 
able  retaining  means  744  and  the  individual  shear 
pins  726  combined  together  determine  the  operat- 
ing  pressure  at  which  the  first  piston  means  690 
will  move  downward  relative  to  housing  652. 

The  housing  652  may  generally  be  described 
as  including  first  and  second  pressure  conducting 
passage  means  750  and  752,  respectively,  for 
communicating  a  well  annulus  exterior  of  the  hous- 

5  ing  652  with  an  upper  first  side  754  and  a  lower 
second  side  756,  respectively,  of  the  first  power 
piston  means  690.  The  first  and  second  pressure 
conducting  passage  means  750  and  752  of  the 
apparatus  650  are  analogous  to  the  first  and  sec- 

io  ond  conducting  passage  means  182  and  184  of  the 
apparatus  10  of  FIGS.  1A-1F. 

The  first  pressure  conducting  passage  means 
750  includes  a  first  power  port  758  disposed 
through  lower  power  housing  section  666. 

is  First  pressure  conducting  passage  means  750 
also  includes  an  annular  space  760  defined  be- 
tween  the  power  piston  698  and  lower  power  hous- 
ing  section  666  above  the  piston  seal  700. 

The  second  pressure  conducting  passage 
20  means  752  includes  an  annular  space  762  between 

first  power  mandrel  696  and  lower  power  housing 
section  666,  a  plurality  of  longitudinally  extending 
ports  764  through  nitrogen  filler  nipple  housing 
section  668,  an  annular  nitrogen  chamber  766  be- 

25  tween  inner  and  outer  tubular  members  671  and 
673  of  nitrogen  chamber  housing  section  670,  an 
irregular  annular  space  768  between  upper  inner 
mandrel  housing  section  652  on  the  inside  and 
nitrogen  chamber  housing  section  670  and  lower 

30  filler  nipple  housing  section  672  on  the  outside,  a 
pressurizing  passage  770  through  metering  car- 
tridge  680,  and  an  annular  equalizing  chamber  772 
between  equalizing  chamber  mandrel  housing  sec- 
tion  682  and  equalizing  chamber  housing  section 

35  674.  The  lower  end  of  equalizing  chamber  772  is 
communicated  with  the  well  annulus  through  an 
equalizing  port  774  disposed  through  equalizing 
chamber  housing  section  674. 

The  pressurizing  passage  770  of  metering  car- 
40  tridge  housing  section  680  includes  a  flow  restrictor 

schematically  indicated  by  the  numeral  776  having 
a  restricted  area  orifice  or  flow  passage  disposed 
therethrough. 

An  upper  floating  piston  778  is  disposed  in 
45  nitrogen  chamber  766  and  includes  upper  inner 

and  outer  seals  780  and  782  and  lower  inner  and 
outer  seals  784  and  786. 

A  lower  floating  piston  788  is  received  in  equal- 
izing  chamber  772  and  includes  upper  inner  and 

50  outer  seals  790  and  792  and  lower  inner  and  outer 
seals  794  and  796. 

An  upper  portion  of  second  fluid  conducting 
passage  means  752  between  the  lower  side  756  of 
first  piston  means  690  and  the  upper  floating  piston 

55  778  is  filled  with  a  pressurized  inert  gas  which  is 
typically  nitrogen  gas. 

Those  portions  of  the  second  pressure  con- 
ducting  passage  means  752  between  the  upper 
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floating  piston  778  and  the  lower  floating  piston  788 
are  filled  with  a  suitable  liquid  for  metering  through 
the  metering  cartridge  680,  which  liquid  may  be  a 
hydraulic  oil  or  may  be  silicone  oil. 

The  lower  floating  piston  788  separates  the  oil 
located  thereabove  from  well  fluid  which  enters 
through  the  equalizing  port  774  therebelow. 

The  metering  cartridge  680  will  generally  also 
include  a  depressurizing  passage  (not  shown)  and 
may  include  several  variations  of  arrangements  of 
fluid  flow  restrictors,  check  valves  and  pressure 
relief  valves  in  the  pressurizing  passage  770  and 
the  depressurizing  passage  so  that  if  desired  a 
portion  of  an  increase  in  well  annulus  pressure  can 
be  trapped  above  the  metering  cartridge,  and  in 
any  event  so  as  to  provide  a  time  delay  in  the 
transmission  of  both  increases  and  decreases  in 
well  annulus  pressure  to  the  lower  side  of  the 
power  piston.  A  similar  arrangement  is  seen  in  FIG. 
21  of  U.  S.  Patent  No.  4,444,268  to  Barrington,  the 
details  of  which  are  incorporated  herein  by  refer- 
ence. 

The  first  power  piston  690  and  the  associated 
metering  cartridge  680  operate  together  so  that  as 
the  apparatus  650  is  lowered  into  a  well,  the  rela- 
tively  slow  increases  in  well  annulus  hydrostatic 
pressure  are  metered  through  the  fluid  flow  restric- 
tor  776  in  the  pressurizing  passage  770  to  substan- 
tially  balance  this  slowly  increasing  well  annulus 
pressure  across  the  first  power  piston  690. 

A  relatively  rapid  increase  in  well  annulus  pres- 
sure,  however,  cannot  be  transmitted  quickly 
through  the  pressurizing  passage  770,  and  thus  the 
relatively  rapid  increase  in  well  annulus  pressure 
will  create  a  downward  pressure  differential  across 
the  first  piston  means  690.  Such  a  downward  pres- 
sure  differential  of  sufficient  magnitude  will  shear 
the  shear  pins  of  shear  set  744  and  the  individual 
shear  pins  726  thus  allowing  the  first  piston  means 
690  to  move  downward  compressing  the  pressur- 
ized  nitrogen  gas  contained  in  annular  space  762 
and  nitrogen  chamber  766. 

After  the  passage  of  a  sufficient  period  of  time, 
the  entire  increase  in  well  annulus  pressure  will  be 
metered  through  the  pressurizing  passage  770.  Of 
course,  if  the  pressurizing  passage  770  includes  a 
pressure  relief  valve  something  less  than  the  entire 
pressure  increase  may  ultimately  be  metered 
through  the  pressurizing  passage  770. 

Turning  now  to  the  manner  of  operation  of  the 
second  power  piston  means  692,  a  second  power 
port  798  is  disposed  through  shear  set  housing 
section  662. 

The  upper  power  mandrel  extension  740  of  first 
power  piston  means  690  has  a  main  cylindrical 
outer  surface  800  defined  thereon  which  is  initially 
closely  received  within  a  bore  802  of  shear  set 
housing  section  662  with  upper  and  lower  O-ring 

seals  804  and  806  sealing  therebetween  above  and 
below  the  second  power  port  798. 

Upper  extension  740  has  a  reduced  diameter 
cylindrical  outer  surface  808  located  above  main 

5  cylindrical  outer  surface  800. 
When  the  first  power  piston  means  690  moves 

downward  pulling  the  upper  power  mandrel  exten- 
sion  740  downward,  the  reduced  diameter  surface 
808  will  move  to  a  position  adjacent  second  power 

io  port  798  so  as  to  communicate  the  second  power 
port  798  with  an  annular  space  810  defined  be- 
tween  upper  extension  740  and  shear  set  housing 
section  662,  which  annular  space  is  communciated 
with  a  lower  end  812  of  second  piston  means  692. 

is  The  second  power  port  798,  the  reduced  diam- 
eter  surface  808,  and  the  annular  space  810  can  be 
collectively  described  as  defined  a  second  power 
passage  814  disposed  through  the  housing  652  for 
communicating  the  well  annulus  exterior  of  the 

20  housing  652  with  a  high  pressure  second  lower 
side  812  of  second  power  piston  means  692. 

The  seal  804  can  generally  be  described  as  a 
prevention  means  804  operatively  associated  with 
the  upper  extension  740  of  first  piston  means  690 

25  and  with  the  housing  652  for  closing  the  second 
power  passage  814  and  isolating  the  lower  high 
pressure  side  812  of  second  piston  means  692 
from  the  well  annulus  when  the  first  piston  means 
690  is  in  its  first  position  as  illustrated  in  FIGS.4A- 

30  41. 
It  is  noted  that  the  first  pressure  conducting 

passage  750  associated  with  first  piston  means  690 
can  be  described  as  a  first  power  passage  750 
disposed  through  the  housing  652  for  constantly 

35  communiating  the  well  annulus  with  the  upper  high 
pressure  side  754  of  the  first  piston  means  690. 
The  first  power  passage  750  is  isolated  from  the 
second  power  passage  814  within  the  housing  652. 

The  reduced  diameter  surface  808  of  upper 
40  extension  740  can  be  generally  described  as  a 

bypass  passage  of  the  upper  power  mandrel  exten- 
sion  740  for  allowing  well  annulus  fluid  to  bypass 
the  seal  means  804  so  that  the  lower  high  pressure 
side  812  of  second  piston  means  692  is  commu- 

45  nicated  with  the  well  annulus  when  the  first  piston 
means  690  moves  downward  to  its  second  posi- 
tion. 

The  upper  extension  740  and  the  upper  power 
housing  section  660  define  an  annular  space  there- 

50  between  within  which  the  second  power  piston  692 
is  received.  The  second  power  piston  692  includes 
inner  and  outer  annular  seals  816  and  818  for 
providing  a  sliding  seal  between  the  second  piston 
means  692  and  the  outer  surface  of  upper  exten- 

55  sion  740  on  the  inside  and  a  bore  820  of  upper 
power  housing  section  660  on  the  outside. 

A  low  pressure  chamber  822  is  defined  be- 
tween  an  upper  second  power  mandrel  824  of 
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second  piston  means  692  and  the  inner  bore  820 
of  upper  power  housing  section  660. 

An  O-ring  seal  means  826  seals  between  an 
outer  surface  828  of  second  power  mandrel  824 
and  a  bore  830  of  upper  power  housing  section 
660. 

A  locking  means  832  analogous  to  the  locking 
means  276  of  FIG.  1C  will  lock  the  second  power 
piston  692  in  its  uppermost  second  position  when 
locking  dogs  834  are  received  in  a  groove  836. 

The  apparatus  650  of  FIGS.  4A-4I  will  be  as- 
sembled  with  a  test  string  like  that  shown  in  FIG.  1 
of  U.  S.  Patent  No.  4,270,610  to  Barrington  et  al., 
and  then  lowered  into  a  well. 

As  the  apparatus  650  is  lowered  into  the  well, 
increasing  hydrostatic  well  annulus  pressure  will  be 
balanced  across  the  first  piston  means  690  as  it  is 
metered  through  the  flow  restrictor  776  of  metering 
cartridge  680. 

After  being  lowered  to  a  desired  depth,  a  pack- 
er  located  therebelow  in  the  test  string  will  be  set, 
and  well  annulus  pressure  will  be  rapidly  increased 
to  open  a  tester  valve  of  the  test  string.  Subse- 
quently,  well  annulus  pressure  may  be  rapidly  de- 
creased  to  close  the  tester  valve  of  the  test  string. 
During  operation  of  the  tester  valve,  the  releasable 
retaining  means  744  and  shear  pins  726  will  pre- 
vent  operation  of  the  apparatus  650. 

When  it  is  desired  to  operate  the  apparatus 
650,  well  annulus  pressure  must  first  be  returned  to 
hydrostatic  pressure  and  held  there  for  a  sufficient 
time  that  the  metering  cartridge  680  can  return 
pressure  in  nitrogen  chamber  766  to  hydrostatic 
well  annulus  pressure. 

Then  to  operate  apparatus  650,  well  annulus 
pressure  will  be  rapidly  increased  to  create  a 
downward  pressure  differential  on  first  piston 
means  690  sufficient  to  shear  the  shear  pin  set  744 
and  the  individual  shear  pins  726,  which  again  will 
preferably  be  at  a  pressure  of  approximately  13.8 
MPa  (2000  psi)  above  hydrostatic  well  annulus 
pressure. 

When  the  first  power  piston  means  690  moves 
downward,  the  reduced  diamter  surface  808  of 
upper  power  mandrel  extension  740  will  commu- 
nicate  the  second  power  port  798  with  the  lower 
end  812  of  second  power  piston  means  692  thus 
exposing  the  second  power  piston  means  692  to  a 
large  upward  pressure  differential  as  defined  be- 
tween  the  well  annulus  and  the  sealed  low  pressure 
chamber  822. 

This  pressure  differential  will  move  the  second 
power  piston  692  upward  relative  to  housing  652 
thus  closing  the  safety  valve  684,  and  releasing  a 
spring  collet  838  of  circulating  valve  686  and  allow- 
ing  coil  compression  spring  840  of  circulating  valve 
686  to  move  a  circulating  valve  sleeve  842  down- 
ward  to  uncover  circulating  port  844. 

One  advantage  of  the  embodiment  of  FIGS. 
4A-4I  with  regard  to  the  difference  in  its  metering 
cartridge  680  is  that  the  metering  cartridge  680  will 
allow  the  pressure  between  the  first  power  piston 

5  690  and  the  metering  cartridge  680  to  be  continu- 
ously  maintained  at  substantially  well  annulus  hy- 
drostatic  pressure  during  any  fluctuations  in  tem- 
perature  which  might  occur  during  operation  of  the 
tool  650.  This  is  contrasted  to  the  embodiments  of 

70  FIGS.  1A-1F  and  3A-3H  wherein  the  well  annulus 
hydrostatic  pressure  is  trapped  by  a  check  valve 
and  subsequent  temperature  fluctuations  in  the  op- 
erating  environment  of  the  tool  could  cause  the 
trapped  reference  pressure  to  vary  from  hydrostatic 

75  well  annulus  pressure. 
As  is  apparent  from  the  several  types  of  meter- 

ing  systems  disclosed  for  the  various  embodiments 
shown  in  the  present  application,  the  well  annulus 
hydrostatic  pressure  referenced  first  power  piston 

20  can  operate  based  upon  a  trapped  well  annulus 
hydrostatic  referenced  pressure  such  as  shown  in 
the  embodiments  of  FIGS.  1A-1F  and  3A-3H,  or 
based  upon  a  hydrostatic  well  annulus  pressure 
that  can  vary  with  temperature  fluctuations  such  as 

25  shown  in  the  embodiments  of  FIGS.  4A-4I. 
Referring  now  to  FIGS.  5A-5D,  an  upper  por- 

tion  of  a  fourth  embodiment  of  the  present  inven- 
tion  is  shown  and  generally  designated  by  the 
numeral  900.  The  lower  portions  of  the  apparatus 

30  900  are  identical  to  FIGS.  4E-4I,  and  thus  have  not 
been  repeated. 

The  apparatus  900  includes  a  housing  902 
having  an  upper  adapter  904,  a  ball  valve  housing 
section  906,  an  upper  power  housing  section  908, 

35  a  shear  set  housing  section  910,  and  lower  sec- 
tions  identical  to  those  shown  in  FIGS.  4E-4I  for  the 
housing  652  thereof. 

In  FIGS.  5B-5D,  a  second  power  piston  means 
912  is  thereshown  which  is  substantially  similar  in 

40  its  construction  to  the  second  power  piston  means 
692  of  FIGS.  4C-4D. 

A  power  mandrel  extension  914  associated 
with  a  lower  first  power  piston  (not  shown)  identical 
to  the  first  piston  690  of  FIG.  4E  is  very  similar  to 

45  the  upper  power  mandrel  extension  740. 
It  is  noted  that  the  shear  set  744  of  FIG.  4D 

has  been  deleted  so  that  the  power  mandrel  exten- 
sion  914  of  FIGS.  5C  and  5D  is  initially  retained  in 
place  relative  to  the  shear  set  housing  section  910 

50  solely  by  individual  shear  pins  such  as  916  which 
are  constructed  and  mounted  in  a  manner  like  that 
of  individual  shear  pins  726  of  FIG.  4D. 

Since  a  typical  embodiment  of  the  present 
invention  will  only  include  from  three  to  five  shear 

55  pins,  it  is  possible  to  utilize  individual  shear  pins 
such  as  916  circumferentially  spaced  about  the 
power  mandrel  extension  914,  rather  than  to  use 
the  shear  set  like  shear  set  744  of  FIG.  4D. 
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A  second  power  port  918  is  disposed  through 
shear  set  housing  section  910  and  is  initially  iso- 
lated  from  second  power  piston  912  by  seal  920. 

A  reduced  diameter  of  outer  surface  922  of 
power  mandrel  extension  914  will  communicate  the 
second  power  port  918  with  a  lower  end  924  of 
second  power  piston  means  912  when  the  power 
mandrel  extension  914  moves  downward  relative  to 
the  housing  902. 

A  sealed  low  pressure  chamber  926  containing 
air  at  substantially  atmospheric  pressure  is  located 
above  the  second  power  piston  means  912. 

A  second  power  mandrel  928  of  second  power 
piston  means  912  has  an  outer  cylindrical  surface 
930  thereof  closely  and  slidably  received  within  a 
bore  932  of  upper  power  housing  section  908  with 
a  seal  being  provided  therebetween  by  O-ring  934. 

A  locking  means  936  will  lock  the  second  pow- 
er  piston  means  912  in  an  uppermost  second  posi- 
tion  thereof  when  locking  dogs  938  are  received 
within  a  groove  940  of  second  power  mandrel  928. 

The  second  power  mandrel  928  has  its  upper 
end  connected  to  a  lower  seat  holder  942  of  a  full 
opening  ball  type  safety  valve  means  944  which  is 
constructed  substantially  identical  to  the  safety 
valve  means  82  of  FIG.  1C. 

The  primary  difference  of  the  apparatus  900  as 
compared  to  the  apparatus  650  of  FIGS.  4A-4I  is  in 
the  construction  of  the  sliding  sleeve  type  circulat- 
ing  valve  means  946. 

The  circulating  valve  means  946  of  the  appara- 
tus  900  seen  in  FIGS.  5A-5B  includes  a  circulating 
valve  sleeve  948  which  is  fixedly  connected  to  the 
second  power  piston  means  912  through  the  safety 
valve  means  944  for  longitudinal  movement  there- 
with  relative  to  the  housing  902. 

The  circulating  valve  sleeve  948  is  initially  in  a 
closed  first  position  blocking  the  circulating  port 
950  disposed  through  upper  adapter  904  when  the 
second  piston  means  912  is  in  its  first  position  as 
shown  in  FIGS.  5A-5D.  In  this  closed  first  position 
of  the  circulating  valve  means  946,  the  circulating 
valve  sleeve  948  has  a  cylindrical  outer  surface 
952  thereof  closely  received  within  a  bore  954  of 
upper  adapter  904  with  O-ring  seals  956  and  958 
sealing  against  the  sleeve  948  above  and  below 
the  circulating  port  950. 

When  the  second  power  piston  means  912 
moves  upward,  a  plurality  of  sleeve  circulating 
ports  960  disposed  through  circulating  sleeve  948 
will  be  moved  into  a  position  between  O-ring  seals 
956  and  958  so  as  to  communicate  a  central  flow 
passage  962  of  the  apparatus  900  with  the  well 
annulus  exterior  of  the  housing  902  through  the 
circulating  sleeve  ports  960  and  the  circulating  port 
950. 

It  is  noted  that  in  the  embodiment  of  FIGS.  5A- 
5D,  the  locking  means  936  will  lock  the  circulating 

valve  sleeve  948  in  its  upper  second  open  position 
with  the  sleeve  circulating  ports  960  communicated 
with  the  circulating  port  950. 

The  manner  of  operation  of  the  apparatus  900 
5  is  substantially  identical  to  that  previously  de- 

scribed  for  the  apparatus  650  of  FIGS.  4A-4I  ex- 
cept  for  the  change  in  operation  of  the  circulating 
valve  means  946  just  described. 

w  Claims 

1.  An  annulus  pressure  responsive  downhole  tool 
apparatus  (10;  400),  comprising:  a  housing  (12; 
402);  an  operating  element  means  (86;  452) 

is  disposed  in  said  housing  and  movable  from  a 
first  element  position  to  a  second  element  po- 
sition  relative  to  said  housing;  characterised  in 
that  it  further  comprises:  a  hydrostatic  pressure 
referenced,  pressure  balanced  with  respect  to 

20  annulus  pressure,  annulus  pressure  responsive 
first  piston  means  (166;  453)  disposed  in  said 
housing,  said  first  piston  means  having  a  first 
side  (186;  558)  and  a  second  side  (188;  560), 
said  first  and  second  sides  (186,  558;  188, 

25  560)  both  being  exposed  to  hydrostatic  well 
annulus  pressure;  means  (284;  576)  for  at  least 
temporarily  delaying  communication  of  a  rapid 
increase  in  well  annulus  pressure  to  said  sec- 
ond  side  (188;  560),  to  create  a  pressure  dif- 

30  ferential  across  said  first  piston  means  (166; 
453),  said  pressure  differential  moving  said 
first  piston  means  (166;  453)  from  a  first  posi- 
tion  to  a  second  position  relative  to  said  hous- 
ing  (12;  402);  a  lower  than  hydrostatic  referen- 

35  ced  annulus  pressure  responsive  second  pis- 
ton  means  (168;  455),  disposed  in  said  hous- 
ing,  and  having  a  first  side  (514)  and  a  second 
side  (272;  506),  said  first  side  (514)  being  in 
communication  with  a  low  pressure  chamber 

40  (170;  516)  and  said  second  side  (272;  506) 
being  exposed  to  well  annulus  pressure  to 
create  a  pressure  differential  across  said  sec- 
ond  piston  means;  prevention  means  (172; 
457)  for  holding  said  second  piston  means 

45  (168;  455)  in  a  first  position,  said  prevention 
means  (172;  457)  being  deactuable  by  said 
movement  of  said  first  piston  means  (166;  453) 
at  least  part  way  towards  its  second  position, 
thereby  releasing  said  second  piston  means 

50  (168;  455)  to  move  from  its  first  position  to  a 
second  position  in  response  to  said  pressure 
differential  acting  across  it;  said  movement  of 
said  second  piston  means  (168;  455)  in  turn 
moving  said  operating  element  (86;  452)  from 

55  said  first  element  position  to  said  second  ele- 
ment  position. 

2.  An  annulus  pressure  responsive  downhole  tool 
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apparatus  (650;  900)  comprising:  a  housing 
(652;  902);  an  operating  element  means  (688; 
944)  disposed  in  said  housing  and  movable 
from  a  first  element  position  to  a  second  ele- 
ment  position  relative  to  said  housing;  charac-  5 
terised  in  that  it  further  comprises:  a  hydro- 
static  pressure  referenced,  pressure  balanced 
with  respect  to  annulus  pressure,  annulus  pres- 
sure  responsive  first  piston  means  (690)  dis- 
posed  in  said  housing,  said  first  piston  means  10 
having  a  first  side  (754)  and  a  second  side 
(756),  said  first  and  second  sides  (754;  756) 
both  being  exposed  to  hydrostatic  well  annulus 
pressure;  means  (680)  for  at  least  temporarily 
delaying  communication  of  a  rapid  increase  in  is 
well  annulus  pressure  to  said  second  side 
(756)  thereby  creating  a  pressure  differential 
across  said  first  piston  means  (690),  said  pres- 
sure  differential  moving  said  first  piston  means 
(690)  from  a  first  position  to  a  second  position  20 
relative  to  said  housing  (652;  902);  a  lower 
than  hydrostatic  referenced  annulus  pressure 
responsive  second  piston  means  (692;  912), 
disposed  in  said  housing  and  having  a  first 
side  and  a  second  side  (812;  924),  said  first  25 
side  being  in  communication  with  a  low  pres- 
sure  chamber  (822;  926);  prevention  means 
(740;  922)  for  shielding  said  second  side  (812; 
924)  from  well  annulus  pressure,  said  preven- 
tion  means  (740;  922)  being  deactuable  by  30 
said  movement  of  said  first  piston  means  (690) 
at  least  part  way  towards  its  second  position 
thereby  exposing  said  second  side  (812;  924) 
of  said  second  piston  means  (692;  912)  to  well 
annulus  pressure,  thereby  creating  a  pressure  35 
differential  across  said  second  piston  means; 
said  pressure  differential  moving  said  second 
piston  means  from  a  first  position  to  a  second 
position,  said  movement  in  turn  moving  said 
operating  element  (688;  944)  from  said  first  40 
element  position  to  said  second  element  posi- 
tion. 

Apparatus  according  to  claim  1  or  2,  wherein 
said  second  piston  means  (168;  455;  692;  912)  45 
is  arranged  to  be  referenced  to  substantially 
atmospheric  pressure. 

Apparatus  according  to  claim  1  ,  2  or  3,  further 
comprising  releasable  retaining  means  (216;  so 
536;  744;  916),  engaging  the  first  piston  (166; 
453;  690)  to  hold  it  in  said  first  position  thereof, 
and  releasable  in  response  to  a  predetermined 
pressure  differential  across  said  first  piston 
means.  55 

Apparatus  according  to  claim  1,  2,  3  or  4, 
wherein  said  first  piston  means  (166;  453;  690) 

is  exposed  to  hydrostatic  annulus  pressure  on 
one  side  and  to  a  hydrostatic  balancing  pres- 
sure  on  the  other  side,  and  means  (284;  576; 
680)  are  provided  for  increasing  the  balancing 
pressure  in  response  to  well  annulus  pressure 
as  the  apparatus  is  lowered  into  a  well,  where- 
by  said  releasable  retaining  means  (216;  536; 
744;  916)  does  not  have  any  substantial  force 
applied  thereacross. 

6.  Apparatus  according  to  any  of  claims  1  to  5, 
wherein  said  housing  has  first  (182;  554;  750) 
and  second  (184;  556;  752)  pressure  conduct- 
ing  passage  means  disposed  therein  for  com- 
municating  a  well  annulus  exterior  of  said 
housing  with  first  (186;  558;  754)  and  second 
(188;  560;  756)  sides  of  said  hydrostatic  re- 
ferenced  annulus  pressure  responsive  first  pis- 
ton  means;  said  apparatus  further  comprising  a 
retarding  means  (284;  576;  680)  disposed  in 
said  second  pressure  conducting  passage 
means  to  limit  the  flow  of  fluid  through  said 
passage  means. 

7.  Apparatus  according  to  claim  6,  wherein  said 
retarding  means  (284;  576;  680)  communicates 
a  relatively  slow  increase  in  well  annulus  pres- 
sure  to  said  second  side  of  said  first  piston 
means  quickly  enough  that  a  pressure  differen- 
tial  across  said  first  piston  means  is  too  low  to 
move  said  first  piston  means  from  said  first 
position  to  said  second  position  thereof,  so  that 
hydrostatic  well  annulus  pressure  may  be  sub- 
stantially  balanced  across  said  first  piston 
means  as  said  apparatus  is  lowered  into  a  well. 

8.  Apparatus  according  to  claim  6  or  7,  wherein 
said  retarding  means  includes  a  metering  car- 
tridge  (284;  576;  680)  dividing  said  second 
pressure  conducting  passage  means  into  a 
first  portion  (286)  between  said  second  side 
(188)  of  said  first  piston  means  (166)  and  said 
metering  cartridge,  and  a  second  portion  (288) 
between  said  metering  cartridge  and  said  well 
annulus,  said  metering  cartridge  having  a  pres- 
surizing  passage  (290;  574;  752),  disposed 
therethrough  communicating  said  first  and  sec- 
ond  portions  of  said  second  pressure  conduct- 
ing  passage  means,  and  said  metering  car- 
tridge  further  including  a  fluid  flow  restrictor 
means  (292;  600)  disposed  in  said  pressurizing 
passage  for  at  least  temporarily  delaying  trans- 
mission  of  relatively  rapid  increases  in  well 
annulus  pressure  to  said  second  side  of  said 
first  piston  means. 

Patentanspruche 
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Auf  Ringraumdruck  ansprechende  Bohrloch- 
werkzeugvorrichtung  (10;  400),  enthaltend:  ein 
Gehause  (12;  402);  in  dem  Gehause  angeord- 
nete  Betatigungselementmittel  (86;  452),  die 
gegenuber  dem  Gehause  von  einer  ersten  Ele-  5 
mentstellung  in  eine  Zweite  Elementstellung 
bewegbar  sind,  ferner  gekennzeichnet  durch  in 
dem  Gehause  angeordnete  auf  Ringraumdruck 
ansprechende  erste  Kolbenmittel  (166;  453), 
die  auf  einen  hydrostatischen  Druck  bezogen  10 
und  im  Bezug  auf  den  Ringraumdruck  abgegli- 
chen  sind  und  eine  erste  Seite  (186;  558)  und 
eine  zweite  Seite  (188;  560)  aufweisen,  die 
dem  hydrostatischen  Bohrlochringraumdruck 
ausgesetzt  sind;  Mittel  (284;  576)  zur  wenig-  is 
stens  vorubergehenden  Verzogerung  der 
Ubertragung  eines  raschen  Anstiegs  des  Bohr- 
lochringraumdrucks  auf  die  zweite  Seite  (188; 
560),  urn  an  den  ersten  Kolbenmitteln  (166; 
453)  eine  Druckdifferenz  zu  erzeugen,  welche  20 
die  ersten  Kolbenmittel  (166;  453)  aus  einer 
ersten  Stellung  in  eine  zweite  Stellung  gegen- 
uber  dem  Gehause  (12;  402)  verstellt;  in  dem 
Gehause  angeordnete,  auf  Ringraumdruck  an- 
sprechende  zweite  Kolbenmittel  (168;  455),  die  25 
auf  niedrigeren  als  hydrostatischen  Druck  be- 
zogen  sind  und  eine  erste  Seite  (514)  und  eine 
zweite  Seite  (272;  506)  haben,  wobei  die  erste 
Seite  (514)  mit  einer  Niederdruckkammer  (170; 
516)  in  Verbindung  steht  und  die  zweite  Seite  30 
(272;  506)  dem  Bohrlochringraumdruck  ausge- 
setzt  ist,  urn  eine  Druckdifferenz  an  den  zwei- 
ten  Kolbenmitteln  zu  erzeugen;  Sicherungsmit- 
tel  (172;  457),  die  die  zweiten  Kolbenmittel 
(168;  455)  in  einer  ersten  Stellung  halten  und  35 
durch  die  Verstellung  der  ersten  Kolbenmittel 
(166;  453)  wenigstens  urn  einen  Teil  des  We- 
ges  in  ihre  zweite  Stellung  desaktiviert  werden 
und  dadurch  die  zweiten  Kolbenmittel  (168; 
455)  unter  Ansprechen  auf  die  darauf  einwir-  40 
kende  Druckdifferenz  zur  Verstellung  aus  ihrer 
ersten  Stellung  in  eine  zweite  Stellung  freige- 
ben,  wobei  die  Verstellung  der  zweiten  Kolben- 
mittel  (168;  455)  wiederum  das  Betatigungsele- 
ment  (86;  452)  aus  der  ersten  Elementstellung  45 
in  die  zweite  Elementstellung  bewegt. 

Auf  Ringraumdruck  ansprechende  Bohrloch- 
werkzeugvorrichtung  (650;900),  enthaltend:  ein 
Gehause  (652;902);  in  dem  Gehause  angeord-  so 
nete  Betatigungselementmittel  (688;  944),  die 
gegenuber  dem  Gehause  von  einer  ersten  Ele- 
mentstellung  in  eine  zweite  Elementstellung 
bewegbar  sind,  ferner  gekennzeichnet  durch  in 
dem  Gehause  angeordnete,  auf  Ringraum-  55 
druck  ansprechende  erste  Kolbenmittel  (690), 
die  auf  einen  hydrostatischen  Druck  bezogen 
und  im  Bezug  auf  den  Ringraumdruck  abgegli- 

chen  sind  und  eine  erste  Seite  (754)  und  eine 
zweite  Seite  (756)  aufweisen,  die  dem  hydro- 
statischen  Bohrlochringraumdruck  ausgesetzt 
sind;  Mittel  (680)  zur  wenigstens  voruberge- 
henden  Verzogerung  der  Ubertragung  eines 
raschen  Anstiegs  des  Bohrlochringraumdrucks 
auf  die  zweite  Seite  (756),  wodurch  an  den 
ersten  Kolbenmitteln  (690)  eine  Druckdifferenz 
erzeugt  wird,  welche  die  ersten  Kolbenmittel 
(690)  aus  einer  ersten  Stellung  in  eine  zweite 
Stellung  gegenuber  dem  Gehause  (652;  902) 
verstellt;  in  dem  Gehause  angeordnete,  auf 
Ringraumdruck  ansprechende  zweite  Kolben- 
mittel  (692;  912),  die  auf  niedrigeren  als  hydro- 
statischen  Druck  bezogen  sind  und  eine  erste 
Seite  und  eine  zweite  Seite  (812;  924)  haben, 
wobei  die  erste  Seite  mit  einer  Niederdruck- 
kammer  (822;  926)  in  Verbindung  steht;  Siche- 
rungsmittel  (740;  922)  zur  Abschirmung  der 
zweiten  Seite  (812;  924)  gegen  den  Bohrloch- 
ringraumdruck,  die  durch  die  Verstellung  der 
ersten  Kolbenmittel  (690)  wenigstens  urn  einen 
Teil  des  Weges  in  ihre  zweite  Stellung  desakti- 
viert  werden  und  dadurch  die  zweite  Seite 
(812;  924)  der  zweiten  Kolbenmittel  (692;  912) 
dem  Bohrlochringraumdruck  aussetzen  und 
eine  Druckdifferenz  an  den  zweiten  Kolbenmit- 
teln  erzeugen,  welche  die  zweiten  Kolbenmittel 
aus  einer  ersten  Stellung  in  eine  zweite  Stel- 
lung  verstellt,  wobei  die  Verstellung  wiederum 
das  Betatigungselement  (688;  944)  aus  der 
ersten  Elementstellung  in  die  zweite  Element- 
stellung  bewegt. 

3.  Vorrichtung  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  da/S  die  zweiten  Kolbenmittel 
(168;  455;  692;  912)  so  angeordnet  sind,  da/3 
sie  im  wesentlichen  auf  Atmospharendruck  be- 
zogen  sind. 

4.  Vorrichtung  nach  Anspruch  1  ,  2  oder  3,  ferner 
gekennzeichnet  durch  losbare  Haltemittel  (216; 
536;  744;  916),  die  an  dem  ersten  Kolben  (166; 
453;  690)  angreifen  und  diesen  in  seiner  ersten 
Stellung  halten  und  die  unter  Ansprechen  auf 
eine  vorgegebene  Druckdifferenz  an  den  er- 
sten  Kolbenmitteln  losbar  sind. 

5.  Vorrichtung  nach  Anspruch  1,  2,  3  oder  4, 
dadurch  gekennzeichnet,  da/S  die  ersten  Kol- 
benmittel  (166;  453;  690)  an  einer  Seite  dem 
hydrostatischen  Ringraumdruck  und  an  der  an- 
deren  Seite  einem  hydrostatischen  Ausgleichs- 
druck  ausgesetzt  sind  und  Mittel  (284;  576; 
680)  vorgesehen  sind,  die  den  Ausgleichs- 
druck  unter  Ansprechen  auf  den  Bohrlochring- 
raumdruck  in  dem  Ma/Se  erhohen,  in  dem  die 
Vorrichtung  in  eine  Bohrung  herabgelassen 
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wird,  wodurch  an  die  losbaren  Haltemittel  (216; 
536;  744;  916)  keine  wesentliche  Kraft  ange- 
legt  wird. 

6.  Vorrichtung  nach  einem  der  Anspruche  1  bis 
5,  dadurch  gekennzeichnet,  da/S  in  dem  Ge- 
hause  erste  (182;  554;  750)  und  zweite  (184; 
556;  752)  druckfuhrende  Kanalmittel  angeord- 
net  sind,  urn  einen  Bohrlochringraum  au/Ser- 
halb  des  Gehauses  mit  ersten  (186;  558;  754) 
und  zweiten  (188;  560;  756)  Seiten  der  auf  den 
hydrostatischen  Druck  bezogenen,  auf  den 
Ringraumdruck  ansprechenden  ersten  Kolben- 
mittel  zu  verbinden  und  da/S  darin  weiterhin 
Verzogerungsmittel  (284;  576;  680)  enthalten 
sind,  die  in  den  zweiten  druckfuhrenden  Kanal- 
mitteln  angeordnet  sind,  urn  den  Fluidflu/S 
durch  die  Kanalmittel  zu  begrenzen. 

7.  Vorrichtung  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  da/S  die  Verzogerungsmittel  (284; 
576;  680)  eine  relativ  langsame  Zunahme  des 
Bohrlochringraumdrucks  auf  die  zweite  Seite 
der  ersten  Kolbenmittel  rasch  genug  ubertra- 
gen,  so  da/S  eine  Druckdifferenz  an  den  ersten 
Kolbenmitteln  zu  gering  ist,  urn  die  ersten  Kol- 
benmittel  aus  der  ersten  Stellung  in  ihre  zweite 
Stellung  zu  verstellen,  so  da/S  der  hydrostati- 
sche  Bohrlochringraumdruck  an  den  ersten 
Kolbenmitteln  im  wesentlichen  ausgeglichen 
ist,  wenn  die  Vorrichtung  in  eine  Bohrung  her- 
abgelassen  wird. 

8.  Vorrichtung  nach  Anspruch  6  oder  7,  dadurch 
gekennzeichnet,  da/S  die  Verzogerungsmittel 
eine  Zume/3patrone  (284;  576;  680)  enthalten, 
die  die  zweiten  druckfuhrenden  Kanalmittel  in 
einen  ersten  Teil  (286)  zwischen  der  zweiten 
Seite  (188)  der  ersten  Kolbenmittel  (166)  und 
der  Zume/Spatrone  und  einen  zweiten  Teil 
(288)  zwischen  der  Zume/Spatrone  und  dem 
Bohrlochringraum  teilt,  da/S  die  Zume/Spatrone 
einen  durch  diese  verlaufenden  Druckerho- 
hungskanal  (290;  574;  752)  aufweist,  der  die 
ersten  und  zweiten  Teile  der  zweiten  druckfuh- 
renden  Kanalmittel  verbindet,  und  weiter  Fluid- 
stromungsdrosselmittel  (292;  600)  in  dem 
Druckerhohungskanal  angeordnet  sind,  urn  die 
Ubertragung  von  relativ  raschen  Zunahmen 
des  Bohrlochringraumdrucks  auf  die  zweite 
Seite  der  ersten  Kolbenmittel  wenigstens  vor- 
ubergehend  zu  verzogern. 

Revendicatlons 

1.  Appareil  (10  ;  400)  a  outil  de  sondage  com- 
mande  par  une  pression  regnant  dans  I'an- 
neau,  comprenant  un  boltier  (12  ;  402),  un 

element  de  manoeuvre  (86  ;  452)  dispose  dans 
le  boitier  et  mobile  d'une  premiere  position  a 
une  seconde  position  de  I'element  par  rapport 
au  boltier,  caracterise  en  ce  qu'il  comporte  en 

5  outre  un  premier  piston  (166  ;  453)  sensible  a 
la  pression  dans  I'anneau,  equilibre  en  pres- 
sion  par  rapport  a  la  pression  dans  I'anneau  et 
reference  par  rapport  a  une  pression  hydrosta- 
tique,  le  premier  piston  etant  place  dans  le 

io  boltier  et  ayant  un  premier  cote  (186  ;  558)  et 
un  second  cote  (188  ;  560),  le  premier  et  le 
second  cotes(186,  558  ;  188,  560)  etant  tous 
deux  exposes  a  la  pression  hydrostatique  dans 
I'anneau  du  puits,  un  dispositif  (284  ;  576) 

is  destine  a  retarder  au  moins  temporairement  la 
communication  d'une  augmentation  rapide  de 
pression  dans  I'anneau  du  puits  au  second 
cote  (188  ;  560)  afin  qu'une  difference  de 
pression  soit  creee  de  part  et  d'autre  du  pre- 

20  mier  piston  (166  ;  453),  Cette  difference  de 
pression  deplagant  le  premier  piston  (166  ; 
453)  d'une  premiere  position  vers  une  seconde 
position  par  rapport  au  boltier  (12  ;  402),  un 
second  piston  (168  ;  455)  sensible  a  la  pres- 

25  sion  dans  I'anneau  et  reference  par  rapport  a 
une  pression  inferieure  a  la  pression  hydrosta- 
tique,  le  second  piston  etant  place  dans  le 
boltier  et  ayant  un  premier  cote  (514)  et  un 
second  cote  (272  ;  506),  le  premier  cote  (514) 

30  etant  en  communication  avec  une  chambre 
(170  ;  516)  a  basse  pression  et  le  second  cote 
(272  ;  506)  etant  expose  a  la  pression  de 
I'anneau  du  puits  afin  qu'une  difference  de 
pression  soit  creee  de  part  et  d'autre  du  se- 

35  cond  piston,  un  dispositif  protecteur  (172  ;  457) 
destine  a  maintenir  le  second  piston  (168  ; 
455)  dans  une  premiere  position,  le  dispositif 
protecteur  (172  ;  457)  pouvant  etre  desactive 
par  le  deplacement  du  premier  piston  (166  ; 

40  453)  au  moins  partiellement  vers  sa  seconde 
position,  si  bien  que  le  second  piston  (168  ; 
455)  est  libere  et  peut  se  deplacer  de  sa 
premiere  position  vers  sa  seconde  position 
sous  Taction  de  la  pression  differentielle  qui 

45  agit  sur  lui,  le  deplacement  du  second  piston 
(168  ;  455)  provoquant  a  son  tour  le  deplace- 
ment  de  I'element  de  manoeuvre  (86  ;  452)  de 
la  premiere  position  d'element  a  la  seconde 
position  d'element. 

50 
2.  Appareil  (650  ;  900)  a  outil  de  sondage  sensi- 

ble  a  la  pression  de  I'anneau,  comprenant  un 
boltier  (652  ;  902),  un  element  de  manoeuvre 
(688  ;  944)  dispose  dans  le  boltier  et  mobile 

55  d'une  premiere  position  a  une  seconde  posi- 
tion  d'element  par  rapport  au  boltier,  caracteri- 
se  en  ce  qu'il  comporte  en  outre  un  premier 
piston  (690)  sensible  a  la  pression  dans  I'an- 
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neau,  equilibre  en  pression  par  rapport  a  la 
pression  dans  I'anneau  et  reference  par  rap- 
port  a  la  pression  hydrostatique,  ce  premier 
piston  etant  place  dans  le  boltier  et  ayant  un 
premier  cote  (754)  et  un  second  cote  (756),  le  5 
premier  et  le  second  cotes  (754  ;  756)  etant 
tous  deux  exposes  a  la  pression  hydrostatique 
de  I'anneau  du  puits,  un  dispositif  (680)  desti- 
ne  a  retarder  au  moins  temporairement  la 
communication  d'une  augmentation  rapide  de  10 
la  pression  de  I'anneau  du  puits  au  second 
cote  (756)  et  creant  ainsi  une  difference  de 
pression  de  part  et  d'autre  du  premier  piston 
(690),  la  difference  de  pression  provoquant  le 
deplacement  du  premier  piston  (690)  d'une  is 
premiere  position  vers  une  seconde  position 
par  rapport  au  boltier  (652  ;  902),  un  second 
piston  (692  ;  912)  sensible  a  la  pression  dans 
I'anneau  et  reference  par  rapport  a  une  pres- 
sion  inferieure  a  la  pression  hydrostatique,  le  20 
second  piston  etant  place  dans  le  boltier  et 
ayant  un  premier  cote  et  un  second  cotes  (812 
;  924),  le  premier  cote  communiquant  avec 
une  chambre  (822  ;  926)  a  basse  pression,  un 
dispositif  protecteur  (740  ;  922)  destine  a  pro-  25 
teger  le  second  cote  (812  ;  924)  contre  la 
pression  de  I'anneau,  ce  dispositif  protecteur 
(740  ;  922)  pouvant  etre  desactive  par  depla- 
cement  du  premier  piston  (690)  au  moins  en 
partie  vers  sa  seconde  position,  si  bien  que  le  30 
second  cote  (812  ;  924)  du  second  piston  (692 
;  912)  est  expose  a  la  pression  de  I'anneau  du 
puits,  avec  creation  d'une  difference  de  pres- 
sion  de  part  et  d'autre  du  second  piston,  la 
difference  de  pression  deplagant  le  second  35 
piston  d'une  premiere  position  a  une  seconde 
position,  ce  deplacement  provoquant  a  son 
tour  le  deplacement  de  I'element  de  manoeu- 
vre  (688  ;  944)  de  la  premiere  position  a  la 
seconde  position  d'element.  40 

Appareil  selon  la  revendication  1  ou  2,  dans 
lequel  le  second  piston  (168  ;  455  ;  692  ;  912) 
est  destine  a  etre  reference  par  rapport  a  une 
pression  pratiquement  atmospherique.  45 

Appareil  selon  la  revendication  1  ,  2  ou  3,  com- 
prenant  en  outre  un  dispositif  de  retenue  tem- 
poraire  (216  ;  536  ;  744  ;  916)  cooperant  avec 
le  premier  piston  (166  ;  453  ;  690)  afin  qu'il  so 
soit  maintenu  dans  sa  premiere  position,  et 
destine  a  etre  libere  sous  Taction  d'une  pres- 
sion  differentielle  predetermined  agissant  sur 
le  premier  piston. 

55 
Appareil  selon  la  revendication  1,  2,  3  ou  4, 
dans  lequel  le  premier  piston  (166  ;  453  ;  690) 
est  expose  a  la  pression  hydrostatique  de  I'an- 

neau  d'un  premier  cote  et  a  une  pression 
d'equilibrage  hydrostatique  de  Tautre  cote,  et 
un  dispositif  (284  ;  576  ;  680)  est  destine  a 
augmenter  la  pression  d'equilibrage  en  fonc- 
tion  de  la  pression  de  I'anneau  du  puits  lors- 
que  Tappareil  est  descendu  dans  un  puits,  si 
bien  que  le  dispositif  de  retenue  temporaire 
(216  ;  536  ;  744  ;  916)  ne  subit  Tapplication 
d'aucune  force  notable. 

6.  Appareil  selon  Tune  quelconque  des  revendi- 
cations  1  a  5,  dans  lequel  le  boltier  a  un 
premier  passage  (182  ;  554  ;  750)  et  un  se- 
cond  passage  (184  ;  556  ;  752)  destines  a 
conduire  une  pression  et  disposes  afin  qu'ils 
assurent  la  communication  entre  un  anneau  de 
puits  a  Texterieur  du  boltier  et  le  premier  cote 
(186  ;  558  ;  754)  et  le  second  cote  (188  ;  560  ; 
756)  du  premier  piston  sensible  a  la  pression 
dans  I'anneau  et  reference  par  rapport  a  la 
pression  hydrostatique,  Tappareil  comprenant 
en  outre  un  dispositif  retardateur  (284  ;  576  ; 
680)  dispose  dans  le  second  passage  conduc- 
teur  de  pression  et  destine  a  limiter  Tecoule- 
ment  du  fluide  dans  ce  passage. 

7.  Appareil  selon  la  revendication  6,  dans  lequel 
le  dispositif  retardateur  (284  ;  576  ;  680)  com- 
munique  une  augmentation  relativement  lente 
de  la  pression  dans  I'anneau  du  puits  au  se- 
cond  cote  du  premier  piston  suffisamment  ra- 
pidement  pour  qu  une  difference  de  pression 
de  part  et  d'autre  du  premier  piston  soit  trap 
faible  pour  deplacer  le  premier  piston  de  la 
premiere  position  vers  la  seconde  position,  si 
bien  que  la  pression  hydrostatique  de  I'anneau 
du  puits  peut  etre  sensiblement  equilibree  de 
part  et  d'autre  du  premier  piston  lorsque  Tap- 
pareil  est  descendu  dans  un  puits. 

8.  Appareil  selon  la  revendication  6  ou  7,  dans 
lequel  le  dispositif  retardateur  comporte  une 
cartouche  de  mesure  (284  ;  576  ;  680)  sepa- 
rant  le  second  passage  en  une  premiere  partie 
(286)  placee  entre  le  second  cote  (188)  du 
premier  piston  (166)  et  la  cartouche  de  mesu- 
re,  et  une  seconde  partie  (288)  placee  entre  la 
cartouche  de  mesure  et  I'anneau  du  puits,  la 
cartouche  de  mesure  ayant  un  passage  (290  ; 
574  ;  752)  de  mise  sous  pression  qui  la  traver- 
se  et  qui  fait  communiquer  la  premiere  et  la 
seconde  parties  du  second  passage,  la  cartou- 
che  de  mesure  comprenant  en  outre  un  dispo- 
sitif  (292  ;  600)  formant  un  retrecissement  qui 
reduit  le  debit  de  fluide,  place  dans  le  passage 
de  mise  sous  pression  afin  qu'il  retarde  au 
moins  temporairement  la  transmission  des 
augmentations  relativement  rapides  de  la  pres- 
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sion  de  I'anneau  du  puits  vers  le  second  cote 
du  premier  piston. 
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