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nulus  pressure.  Then,  well  annulus  pressure  may  be 
increased  to  create  a  pressure  differential  across 
the  power  piston  to  actuate  the  tool.  The  device  of 
U.S.  Patent  No.  3  856  085  utilizes  the  energy 

5  stored  in  compression  of  the  nitrogen  gas  within 
chamber  128  to  assist  in  returning  the  power  piston 
124  to  its  upper  position. 

Rather  than  utilize  a  compressible  inert  gas  such 
as  nitrogen  within  such  tools,  it  has  been  proposed 

10  to  use  a  large  volume  of  a  somewhat  compressible 
liquid,  such  as  silicone  oil,  as  a  compressible  fluid 
spring  on  the  low  pressure  side  of  the  tool.  Such  a 
device  is  described,  for  example,  in  U.S.  Patent  No. 
4  109  724.  One  recent  device  which  has  not  relied 

15  upon  either  a  large  volume  of  compressible  liquid  or 
a  volume  of  compressible  gas  is  shown  in  U.S.  Pat- 
ent  No.  4  341  266.  This  is  a  trapped  reference  pres- 
sure  device  which  uses  a  system  of  floating  pistons 
and  a  differential  pressure  valve  to  accomplish  ac- 

20  tuation  of  the  tool.  The  reference  pressure  is 
trapped  by  a  valve  which  shuts  upon  the  initial  pres- 
surizing  up  of  the  well  annulus  after  the  packer  is 
set.  This  tool  does  balance  hydrostatic  pressure 
across  its  various  differential  pressure  compo- 

25  nents  as  it  is  run  into  the  well.  The  power  piston  35 
of  this  device  is  returned  to  its  original  position  by  a 
mechanical  coil  compression  spring  36  without  the 
aid  of  any  compressed  volume  of  fluid. 

Another  relatively  recent  development  is  shown 
30  in  U.S.  Patent  No.  4  113  012.  This  device  utilizes 

fluid  flow  restrictors  (119  and  121)  to  create  a  time 
delay  in  any  communication  of  changes  in  well  annu- 
lus  pressure  to  the  lower  side  of  its  power  piston. 
During  this  time  delay,  the  power  piston  moves  from 

35  a  first  position  to  a  second  position.  The  particular 
tool  disclosed  in  U.S.  Patent  No.  4  113  012  utilizes  a 
compressed  nitrogen  gas  chamber  in  combination 
with  a  floating  shoe  which  transmits  the  pressure 
from  the  compressed  nitrogen  gas  to  a  relatively 

40  non-compressible  liquid  filled  chamber.  This  liquid 
filled  chamber  is  communicated  with  the  well  annulus 
through  pressurizing  and  depressurizing  pas- 
sages,  each  of  which  includes  one  of  the  fluid  flow 
restrictors  plus  a  a  back  pressure  check  valve. 

45  Hydrostatic  pressure  is  balanced  across  the  power 
piston  as  the  tool  is  run  into  the  well,  except  for  the 
relatively  small  differential  created  by  the  back 
pressure  check  valve  in  the  pressurizing  passage. 

It  is  thus  known  in  the  prior  art  to  create  a 
50  trapped  reference  pressure  within  a  tool  by  commu- 

nicating  a  chamber  within  the  tool  with  the  well  annu- 
lus,  and  then  isolating  that  chamber  to  trap  the  ref- 
erence  pressure  within  the  tool.  In  combination  with 
that  concept,  a  number  of  these  prior  tools  have  al- 

55  so  utilized  a  volume  of  compressible  gas  or  of  a  rel- 
atively  compressible  liquid  such  as  silicone  oil  con- 
tained  within  the  tool  to  act  as  a  fluid  spring  to  aid  in 
returning  the  power  piston  to  its  initial  position.  This 
compressed  gas  or  silicon  oil  generally  is  separated 

60  from  the  trapped  well  fluid  providing  the  reference 
pressure  by  a  floating  piston  so  that  the  trapped 
well  fluid  and  the  compressed  gas  or  silicon  oil  are 
always  at.  the  same  pressure. 

Those  prior  art  devices  discussed  above  which 
65  do  utilize  a  compressible  fluid  spring  to  aid  in  return- 

Description 

The  present  invention  relates  generally  to  down- 
hole  tools. 

It  is  well  known  that  downhoie  tools  such  as 
testing  valves,  circulating  valves  and  samplers  can 
be  operated  by  varying  the  pressure  of  fluid  in  a 
well  annulus  and  applying  that  pressure  to  a  dif- 
ferential  pressure  piston  within  the  tool.  The  most 
widely  used  method  of  creating  the  differential  pres- 
sure  across  the  piston  has  been  to  isolate  a  volume 
of  fluid  within  the  tool  at  a  fixed  reference  pres- 
sure.  Such  a  fixed  reference  pressure  has  been 
provided  in  a  variety  of  ways.  These  prior  art  tools 
have  also  often  included  a  volume  of  fluid,  either 
liquid  or  gas,  through  which  this  reference  pres- 
sure  is  transmitted.  Sometimes  this  volume  of  fluid 
provides  a  compressible  fluid  spring  which  initially 
stores  energy  when  the  differential  area  piston 
compresses  that  fluid,  and  which  then  aids  in  re- 
turning  the  differential  area  piston  to  its  initial  posi- 
tion. 

One  manner  of  providing  a  fixed  reference  pres- 
sure  is  by  providing  an  essentially  empty  sealed 
chamber  on  the  low  pressure  side  of  the  power  pis- 
ton,  which  chamber  is  merely  filled  with  air  at  the  am- 
bient  pressure  at  which  the  tool  was  assembled. 
Such  a  device  is  shown  for  example,  in  U.S.  Patent 
No.  4  076  077  (see  its  sealed  chamber  42).  This 
type  of  device  does  not  balance  hydrostatic  annu- 
lus  pressure  across  the  power  piston  as  the  tool  is 
run  into  the  wall,  and  it  does  not  provide  a  fluid 
spring  to  aid  in  return  of  the  power  piston. 

Another  approach  has  been  to  provide  a  cham- 
ber  on  the  low  pressure  side  of  the  piston,  and  to  fill 
that  chamber  with  a  charge  of  inert  gas  such  as  ni- 
trogen.  Then,  when  the  annulus  pressure  over- 
comes  the  gas  pressure,  the  power  piston  is  moved 
by  that  pressure  differential,  and  the  gas  is  com- 
pressed  to  allow  the  movement  of  the  power  piston. 
Such  a  device  is  shown,  for  example,  in  U.S.  Patent 
No.  3  664  415  (see  its  nitrogen  cavity  44).  This  type 
of  device  does  not  balance  hydrostatic  annulus 
pressure  across  the  power  piston  as  the  tool  is  run 
into  the  well.  It  utilizes  the  compressed  nitrogen  gas 
in  cavity  44  to  bias  the  piston  42  thereof  downward- 
ly. 

Another  approach  has  been  to  use  a  charge  of  in- 
ert  gas  as  described  above,  in  combination  with 
some  means  for  supplementing  the  gas  pressure 
from  the  hydrostatic  pressure  of  the  fluid  in  the  an- 
nulus  contained  between  the  well  bore  and  the  test 
string,  as  the  test  string  is  lowered  into  the  well. 
Such  a  device  is  shown,  for  example,  in  U.S.  Patent 
No.  3  856  085.  When  a  tool  of  this  type  has  been 
lowered  to  the  desired  position  in  the  well,  the  inert 
gas  pressure  is  supplemented  by  the  amount  of  the 
hydrostatic  pressure  in  the  well  at  that  depth.  Then, 
an  isolation  valve  is  closed  to  trap  in  the  tool  a  vol- 
ume  of  well  annulus  fluid  at  a  pressure  substantially 
equal  to  the  hydrostatic  pressure  in  the  well  annulus 
at  that  depth.  Once  the  isolation  valve  has  closed, 
the  reference  pressure  provided  by  the  inert  gas  is 
no  longer  affected  by  further  increases  in  well  an- 
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trapped  within  the  sealed  well  annulus  zone  defined 
between  the  upper  and  lower  packer  means  is  com- 
pressed. 

To  move  the  operating  element  and  the  actuating 
5  piston  back  to  their  respective  initial  positions,  the 

pressure  in  the  upper  portion  of  the  well  annulus 
above  the  upper  packer  means  is  decreased,  and 
the  compressed  well  fluid  trapped  within  the  sealed 
well  annulus  zone  expands  thus  pushing  the  actuat- 

1  o  ing  piston  back  toward  its  initial  position. 
The  invention  also  includes  a  method  of  operating 

a  downhole  tool  string,  said  method  comprising  the 
steps  of: 

15  (a)  providing  in  said  tool  string  an  operating  ele- 
ment,  a  power  piston  operatively  associated  with 
said  operating  element,  and  upper  and  lower  longitu- 
dinally  spaced  packer  means; 

(b)  lowering  said  tool  string  into  a  well  bore; 
20  (c)  sealing  said  upper  and  lower  packer  means  be- 

tween  said  tool  string  and  said  well  bore,  and  there- 
by  defining  a  sealed  well  annulus  zone  between  said 
upper  and  lower  packer  means; 

(d)  communicating  a  low  pressure  side  of  said 
25  power  piston  means  with  said  sealed  well  annulus 

zone  through  a  compression  passage; 
(e)  applying  an  actuating  pressure  to  a  high  pres- 

sure  side  of  said  power  piston  means; 
(f)  moving  said  power  piston  means  in  response 

30  to  a  difference  between  said  actuating  pressure 
and  well  fluid  pressure  within  said  sealed  well  annu- 
lus  zone,  and  thereby  operating  said  operating  ele- 
ment; 

(g)  compressing  well  fluid  within  said  sealed  well 
35  annulus  zone  as  said  power  piston  means  is  moved 

to  operate  said  operating  element  and  thereby  stor- 
ing  in  fluid  compression  a  portion  of  the  energy  ap- 
plied  to  move  said  power  piston  means; 

(h)  subsequently  decreasing  a  pressure  applied 
40  to  said  high  pressure  side  of  said  power  piston 

means;  and 
(i)  expanding  said  compressed  well  fluid  in  said 

sealed  well  annulus  zone,  and  thereby  returning 
said  power  piston  to  an  original  position  thereof. 

45 
In  order  that  the  invention  may  be  more  fully  un- 

derstood,  reference  is  made  to  the  accompanying 
drawings  wherein: 

a 
50  FIGURE  1  is  a  schematic  elevational  view  of  a 

well  test  string  incorporating  an  embodiment  of 
downhole  tool  apparatus  of  the  present  invention,  in 
place  within  a  well. 

FIGURES  2a  and  2B  comprise  an  elevational  sec- 
55  tional  schematic  illustration  of  an  embodiment  of 

downhole  tool  apparatus  of  the  present  invention. 

Referring  now  to  the  drawings,  and  particularly  to 
Figure  1,  a  well  test  string  10  is  thereshown,  which  in- 

60  dudes  a  well  tester  valve  apparatus  12  of  the 
present  invention.  The  well  tester  valve  apparatus 
12  may  also  generally  be  referred  to  as  a  downhole 
tool  apparatus  12. 

An  upper  end  of  the  well  tester  valve  apparatus 
65  12  is  connected  to  a  lower  end  of  a  tubing  string  14. 

ing  the  power  piston  to  its  original  position,  rely  up- 
on  the  compressibility  of  the  compressed  gas  or  sili- 
cone  oil,  and  not  upon  compressibility  of  the  well 
fluid  itself  which  may  be  trapped  within  the  tool. 

There  are  disadvantages  inherent  in  using  either 
a  large  volume  of  a  relatively  compressible  liquid 
such  as  silicons  oil,  or  a  volume  of  compressible 
gas,  to  account  for  the  volume  change  within  a  tool 
on  the  low  pressure  side  of  the  power  piston. 

When  utilizing  a  tool  which  provides  a  sufficient 
volume  of  compressible  silicone  oil  to  accomodate 
the  volume  change  required  on  the  low  pressure 
side  of  the  tool,  the  tool  generally  becomes  very 
large  because  of  the  large  volume  of  silicone  oil  re- 
quired  in  view  of  the  relatively  low  compressibility 
thereof.  On  the  other  hand,  there  is  a  danger  in 
tools  that  utilize  inert  gas  such  as  nitrogen,  as  there 
is  in  any  high  pressure  vessel. 

We  have  now  devised  a  tool  which,  instead  of 
trapping  well  fluid  within  the  tool  to  create  a  refer- 
ence  pressure  such  as  described  in  US-A 
4109  724  for  example,  utilizes  a  passage  directly 
communicating  the  low  pressure  side  of  the  power 
piston  with  an  isolated  portion  of  the  well  annulus  so 
that  the  reference  pressure  is  provided  by  this  iso- 
lated  portion  of  the  well  annulus.  Additionally,  the 
isolated  portion  of  the  well  annulus  has  such  a  large 
volume  that  the  compressibility  of  well  fluid,  general- 
ly  drilling  mud  or  water,  within  that  isolated  zone  may 
be  utilized  as  a  compressible  fluid  spring  to  aid  in  re- 
turning  the  power  piston  of  the  tool  to  its  initial  posi- 
tion. 

The  downhole  tool  apparatus  of  the  present  in- 
vention  includes  a  housing  having  an  operating  ele- 
ment  disposed  therein.  An  actuating  piston  is  also 
disposed  in  the  housing  and  is  operably  associated 
with  the  operating  element  so  that  the  operating  ele- 
ment  is  operated  in  response  to  movement  of  the  ac- 
tuating  piston  relative  to  the  housing. 

An  upper  packer  is  disposed  about  the  housing 
for  sealing  between  the  housing  and  a  well  bore  and 
for  thereby  defining  an  upper  end  of  a  sealed  well 
annulus  zone  external  of  the  housing. 

A  compression  passage  is  disposed  through  the 
housing  for  communicating  a  low  pressure  side  of 
the  actuating  piston  with  the  sealed  well  annulus 
zone  exterior  of  the  housing. 

The  lower  end.  of  the  sealed  well  annulus  zone  is 
defined  by  a  lower  packer  means  which  is  separated 
from  the  upper  packer  means  by  a  spacer  tubing. 

When  this  tool  is  placed  within  a  well  bore,  and  the 
upper  and  lower  packer  means  are  sealed  against 
the  well  bore,  the  low  pressure  side  of  the  power 
piston  is  then  communicated  with  the  sealed  well  an- 
nulus  zone  defined  between  the  upper  and  lower 
packer  means,  and  the  high  pressure  side  of  the 
power  piston  is  communicated  with  an  upper  portion 
of  the  well  annulus  above  the  upper  packer  means. 

The  apparatus  is  then  operated  by  increasing  well 
annulus  pressure  in  the  upper  portion  of  the  well  an- 
nulus  above  the  upper  packer  means,  which  cre- 
ates  a  differential  pressure  across  the  actuating 
piston  which  moves  it  in  order  to  operate  the  operat- 
ing  element  of  the  tool. 

When  the  actuating  piston  moves,  the  well  fluid 
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A  lower  end  of  the  well  tester  valve  apparatus  12  is 
connected  to  a  spacer  tubing  16,  which  has  a  lower 
packer  assembly  18  connected  to  the  lower  end 
thereof. 

The  lower  packer  means  1  8  has  a  lower  packing  el- 
ement  20  which  is  sealed  against  a  well  bore  22  of  a 
well  defined  by  well  casing  24. 

The  lower  packing  element  20  is  sealed  against 
well  bore  22  at  an  elevation  above  a  subsurface 
formation  26  which  intersects  the  well  defined  by 
casing  24. 

The  subsurface  formation  26  is  communicated 
with  the  well  bore  22  through  a  plurality  of  perfora- 
tions  28. 

Fluid  from  the  subsurface  formation  26  may  flow 
into  a  central  bore  (not  shown)  of  lower  packer 
means  18  through  a  perforated  tail  pipe  30. 

Referring  now  to  FIGS.  2A-2B,  the  details  of 
construction  of  the  well  tester  valve  apparatus  12 
will  be  described. 

The  apparatus  12  has  a  housing  generally  de- 
signed  by  the  numeral  32. 

An  operating  element  generally  designated  by  the 
numeral  34  is  disposed  within  the  housing  32.  In  the 
embodiment  shown  in  FIG.  2A,  the  operating  element 
34  is  a  full  opening  spherical  ball  valve  element  held 
between  upper  and  lower  valve  seats  36  and  38. 
The  ball  valve  34  is  rotated  within  seats  36  and  38  in 
response  to  movement  of  an  actuating  mandrel  40 
which  is  connected  to  actuating  arms  schematically 
illustrated  as  42  and  44.  The  arms  42  and  44  have 
eccentric  lugs  (not  shown)  which  engage  the  ball 
valve  member  34  to  rotate  the  same.  The  ball  valve 
member  34  and  associated  structure  are  shown  on- 
ly  very  schematically  in  FIG.  2A,  since  the  struc- 
ture  thereof  is  well  known  in  the  art.  For  a  more  de- 
tailed  description  of  the  ball  valve  member  and  its 
associated  seats  and  actuating  arms,  reference 
should  be  made  to  the  U.S.  Patent  No.  3,856,085  to 
Holden  et  al. 

An  actuating  piston  means  46,  which  may  also  be 
referred  to  as  a  power  piston  means  46,  is  disposed 
within  the  housing  32  and  is  operably  associated 
with  the  operating  element  34  through  the  actuating 
mandrel  40  and  actuating  arms  42  and  44  previous- 
ly  described,  so  that  the  operating  element  34  is  op- 
erated  in  response  to  movement  of  the  actuating 
piston  means  46  relative  to  the  housing  32. 

An  upper  packer  means  48  is  disposed  about  the 
housing  32,  for  sealing  between  the  housing  32  and 
the  well  bore  22,  as  shown  in  FIG.  1,  and  for  thereby 
defining  an  upper  end  of  a  sealed  well  annulus  zone 
50  which  is  external  of  the  housing  32. 

The  housing  32  includes  first,  second  and  third 
portions  52,  54  and  56,  respectively. 

The  first  and  second  housing  portions  52  and  54 
may  generally  be  described  as  upper  first  and  sec- 
ond  housing  portions  52  and  54.  The  third  housing 
portion  56  may  generally  be  described  as  a  lower 
third  housing  portion  56. 

Beginning  at  the  bottom  of  FIG.  2B,  lower  third 
housing  portion  56  includes  a  lower  adapter  58  hav- 
ing  a  threaded  lower  end  60  for  connection  thereof 
to  spacer  tubing  16. 

An  upper  end  of  lower  adapter  58  is  connected  at 

threaded  connection  62  to  a  lower  end  of  a  packer 
housing  section  64. 

The  upper  packer  means  48  is  disposed  about  a 
cylindrical  outer  surface  66  of  packer  housing  sec- 

5  tion  64,  and  its  lower  end  engages  an  upward  facing 
shoulder  68  of  packer  housing  section  64  of  lower 
third  housing  portion  56. 

The  upper  end  portion  of  packer  housing  section 
64  of  lower  third  housing  portion  56  is  telescopingly 

10  received  within  a  lower  end  of  upper  second  hous- 
ing  portion  54. 

Upper  packer  means  48  is  a  compression  packer 
means  and  it  is  located  between  the  previously  men- 
tioned  upward  facing  shoulder  68  of  lower  third 

15  housing  portion  56  and  a  downward  facing  shoulder 
70  defined  on  a.  lower  end  of  upper  second  housing 
portion  54. 

The  upper  packer  means  48  is  constructed  so 
that  it  is  radially  expanded  to  seal  against  well  bore 

20  22  upon  telescopingly  collapsing  relative  motion  be- 
tween  upper  second  housing  portion  54  and  lower 
third  housing  portion  56. 

The  upper  second  housing  portion  54  includes  an 
outer  bypass  housing  section  72  and  a  splined  hous- 

25  ing  section  74  threadedly  connected  together  at 
threaded  connection  76. 

The  splined  housing  section  74  has  a  plurality  of 
radially  inward  directed  splines  78  which  interlock 
with  a  plurality  of  radially  outward  directed  splines 

30  80  of  packer  housing  section  64,  thus  interlocking 
the  upper  second  housing  portion  54  and  lower  third 
housing  portion  56  of  housing  32  for  allowing  rela- 
tive  longitudinal  motion  therebetween  while  prevent- 
ing  relative  rotational  motion  therebetween. 

35  The  upper  first  housing  portion  52  includes  an  in- 
ner  bypass  housing  section  82  which  has  its  upper 
end  threadedly  connected  at  threads  84  to  a  power 
housing  section  86. 

A  compression  passage  means  88  is  disposed 
40  through  the  housing  32  for  communicating  a  lower 

side  90  of  actuating  piston  means  46  which  the 
sealed  well  annulus  zone  50.  The  lower  side  90  of 
actuating  piston  46  may  also  be  referred  to  as  a 
first  side  or  as  a  low  pressure  side  of  actuating  pis- 

45  ton  46. 
Compression  passage  means  88  extends  from 

lower  side  90  of  actuating  piston  means  46  to  a  pair 
of  compression  ports  92  extending  radially  through 
a  side  wall  of  lower  adapter  58  near  the  bottom  of 

50  FIG.  2B.  Compression  ports  92  are  communicated 
with  a  lower  exterior  surface  93  of  housing  32.  The 
various  openings  comprising  compression  passage 
88  will  now  be  described,  beginning  at  the  upper  end 
of  compression  passage  88. 

55  The  actuating  mandrel  40,  previously  mentioned, 
has  an  upper  portion  above  actuating  piston  means 
46  closely  received  within  a  reduced  diameter  inner 
bore  94  of  housing  32  with  a  resilient  seal  being  pro- 
vided  therebetween  by  O-ring  seal  means  96.  A  low- 

60  er  portion  of  actuating  mandrel  40  is  closely  and 
sealingly  received  within  a  second  reduced  diame- 
ter  bore  98  of  housing  32  with  a  seal  being  provided 
therebetween  by  resilient  O-ring  seal  means  100. 

Compression  passage  88  includes  an  annular 
65  spring  chamber  102  defined  between  the  lower  por- 
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pass  housing  section  72  with  a  sea!  being  provided 
therebetween  by  resilient  O-ring  seal  means  158. 

Compression  passage  means  88  further  includes 
a  pair  of  longitudinal  ports  160  and  162  disposed 

5  through  a  lower  end  of  outer  bypass  housing  sec- 
tion  72  and  communicating  annular  cavity  150  with  an 
annular  cavity  164  defined  between  a  third  flow  tube 
166  and  a  reduced  inner  diameter  upper  portion  168 
of  splined  housing  section  74. 

10  Annular  space  164  is  communicated  with  another 
annular  space  170  defined  between  third  flow  tube 
166  and  a  lower  portion  of  splined  housing  section 
74. 

Annular  cavity  170  is  communicated  with  an  annu- 
15  lar  cavity  172  defined  between  third  flow  tube  166 

and  an  inner  bore  174  of  packer  housing  section  64. 
Annular  cavities  170  and  172  are  also  parts  of 

compression  passage  88. 
Finally,  the  lower  end  of  annular  cavity  172  is 

20  communicated  with  the  compression  ports  92  dis- 
posed  through  lower  adapter  58,  and  thus  with 
sealed  well  annulus  zone  50. 

A  power  passage  means  176  is  disposed  through 
housing  32  for  communicating  an  upper  side  178  of 

25  actuating  piston  46  with  an  upper  exterior  surface 
180  of  housing  32  above  upper  packer  means  48 
and  thus  with  an  upper  portion  182  of  the  well  annu- 
lus  above  the  upper  packer  means  48,  so  that  actu- 
ating  piston  means  46  is  moved  relative  to  housing 

30  32  in  response  to  changes  in  pressure  in  the  upper 
well  annulus  portion  182  relative  to  pressure  in  the 
sealed  well  annulus  zone  50. 

Upper  side  178  of  actuating  piston  46  may  also  be 
referred  to  as  a  second  side  or  a  high  pressure 

35  side  of  actuating  piston  46. 
The  power  passage  176  includes  a  pair  of  radial 

power  ports  175  and  177  which  communicate  upper 
well  annulus  portion  182  with  an  annular  space  179 
defined  between  inner  surface  104  of  power  hous- 

40  ing  section  86  and  the  upper  portion  of  actuating 
mandrel  40  above  the  actuating  piston  56. 

.  The  housing  32  of  well  tester  valve  apparatus  12 
has  a  flow  passage  184  disposed  longitudinally 
through  the  center  thereof.  The  flow  passage  184  is 

45  coincident  with  the  central  bores  of  actuating  man- 
drel  40,  first  flow  tube  114,  second  flow  tube  138, 
third  flow  tube  166,  and  the  various  central  bores  of 
the  housing  portions  52,  54  and  56. 

Fluid  produced  from  subsurface  formation  26 
50  flows  inward  through  perforated  tail  pipe  30  up 

through  a  central  bore  of  lower  packer  means  18 
and  a  bore  of  spacer  tubing  16,  then  through  the 
flow  passage  184  of  the  apparatus  12  and  into  a 
bore  of  tubing  string  14.  Also,  if  the  well  test  string 

55  10  is  being  utilized  to  treat  the  subsurface  formation 
26,  treatment  fluids  may  be  pumped  downward 
through  the  tubing  string  14  and  through  the  flow 
passage  184,  then  through  the  bore  of  packer 
means  18  and  out  the  perforated  tail  pipe  30  into  the 

60  subsurface  formation  26. 
The  operating  element  34  of  the  apparatus  12  is  a 

full  open  ball-type  flow  tester  valve  34  which  is  dis- 
posed  in  .the  flow  passage  184  of  housing  32.  The 
operating  element  34  is  illustrated  in  FIG.  2A  in  a 

65  closed  first  position  thereof  wherein  the  flow  pas- 

tion  of  actuating  mandrel  40  and  an  inner  cylindrical 
surface  104  of  housing  32. 

Actuating  piston  46  is  closely  received  within  in- 
ner  cylindrical  surface  104  of  power  housing  sec- 
tion  86  and  a  seal  is  provided  therebetween  by  resil- 
ient  O-ring  seal  105. 

Spring  chamber  102  is  communicated  by  a  plurality 
of  longitudinal  ports  such  as  106  and  108  with  an  up- 
per  portion  110  of  an  annular  lubricant  chamber  112 
defined  between  an  outer  surface  of  a  first  flow 
tube  114  and  an  inner  cylindrical  surface  1  16  of  hous- 
ing  32. 

Lubricant  chamber  112  is  divided  by  an  annular 
floating  piston  1  1  8  into  the  upper  chamber  portion  1  1  0 
and  a  lower  chamber  portion  120. 

Floating  piston  118  includes  annular  inner  and  out- 
er  resilient  O-ring  seals  122  and  124,  respectively, 
which  seal  against  flow  tube  114  and  inner  cylindrical 
surface  116,  respectively. 

The  spring  chamber  102,  longitudinal  ports  106 
and  108,  and  upper  portion  110  of  lubricant  chamber 
112  are  filled  with  a  suitable  non-corrosive  fluid 
such  as  lubricating  oil. 

A  coil  compression  spring  126  is  disposed  in  the 
spring  chamber  102,  and  the  purpose  of  the  lubricat- 
ing  oil  in  spring  chamber  102  is  to  prevent  corrosion 
of  the  coil  spring  126.  In  the  event  that  a  spring 
mechanism  is  utilized  which  can  satisfactorily  with- 
stand  the  particular  well  fluids  involved  in  a  given 
situation,  then  the  floating  piston  118  can  be  deleted. 

When  the  floating  piston  118  is  utilized,  however, 
the  lower  portion  120  of  lubricant  chamber  112  is 
filled  with  well  fluid,  and  fluid  pressure  is  freely 
transmitted  between  the  upper  and  lower  portions 
110  and  120  of  lubricant  chamber  112  by  the  freely 
floating  annular  piston  118. 

The  upper  and  lower  ends  of  first  flow  tube  114 
are  closely  received  within  reduced  diameter  bores 
of  housing  32  and  seals  are  provided  therebetween 
by  resilient  O-ring  seals  128  and  130. 

Lower  portion  120  of  lubricant  chamber  1  12  is  com- 
municated  through  a  pair  of  longitudinal  ports  132 
and  134  with  an  annular  space  136  defined  between 
an  upper  portion  of  a  second  flow  tube  138  and  an 
upper  inner  bore  140  of  inner  bypass  housing  sec- 
tion  82. 

Compression  passage  88  includes  an  offset  lon- 
gitudinal  passage  142  disposed  through  an  enlarged 
diameter  portion  144  of  inner  bypass  housing  sec- 
tion  82. 

A  lower  end  of  offset  longitudinal  passage  142  is 
communicated  with  an  annular  space  146  defined  be- 
tween  a  lower  portion  of  second  flow  tube  138  and  a 
lower  inner  bore  148  of  inner  bypass  housing  sec- 
tion  82. 

Annular  cavity  146  is  communicated  with  an  annu- 
lar  cavity  150  defined  between  a  lowermost  portion 
of  second  flow  tube  138  and  an  inner  cylindrical  sur- 
face  152  of  outer  bypass  housing  section  72. 

Second  flow  tube  138  has  its  upper  end  closely 
and  slidably  received  within  a  lower  inner  bore  154 
of  power  housing  section  86  with  a  sliding  seal  being 
provided  therebetween  by  resilient  O-ring  seal  156. 
A  lower  end  of  second  flow  tube  138  is  closely  re- 
ceived  within  a  reduced  diameter  bore  of  outer  by- 
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sage  184  is  closed.  Similarly,  the  actuating  piston  46 
and  actuating  mandrel  40  are  in  an  upper  first  posi- 
tion  thereof  corresponding  to  the  closed  first  posi- 
tion  of  the  ball  valve  34. 

When  actuating  piston  46  is  moved  downward 
from  the  position  illustrated  in  FIG.  2A  to  a  lower 
second  position  thereof  relative  to  housing  32,  in  a 
manner  that  will  be  further  described  below,  the  ball 
valve  34  is  rotated  to  an  open  second  position 
wherein  its  central  bore  186  is  aligned  with  the  flow 
passage  184. 

The  flow  passage  184  disposed  through  housing 
32  of  apparatus  12  is  completely  isolated  from  com- 
pression  passage  means  88  previously  described. 

The  coil  spring  126  previously  mentioned  can  be 
further  described  as  a  mechanical  spring  biasing 
means  126  which  is  operably  associated  with  the  ac- 
tuating  piston  46  for  biasing  the  actuating  piston 
means  46  back  towards  its  first  position  illustrated 
in  FIG.  2A  corresponding  to  the  closed  first  posi- 
tion  of  ball  valve  34  from  its  lower  second  position 
(not  shown)  corresponding  to  the  open  second  posi- 
tion  of  ball  valve  34.  The  coil  compression  spring 
126  is  disposed  between  the  lower  side  90  of  actuat- 
ing  piston  46  and  a  reduced  inner  diameter  portion 
1  88  of  power  housing  section  86. 

The  coil  compression  spring  126  is  of  sufficient 
size  and  strength  that  it  provides  a  sufficient  bias- 
ing  force  to  return  the  actuating  piston  46  to  its  up- 
per  first  position  illustrated  in  FIG.  2A,  even  in  the 
absence  of  any  biasing  force  from  well  fluid  com- 
pressed  within  the  compression  passage  88  and  the 
sealed  well  annulus  zone  50  in  a  manner  that  is  fur- 
ther  described  below. 

Referring  now  to  FIG.  1,  the  upper  and  lower 
packer  means  48  and  18,  respectively,  are  longitudi- 
nally  spaced  by  a  distance  such  that  the  sealed  well 
annulus  zone  50  has  a  capacity  sufficient  that  well 
fluid,  such  as  drilling  mud  or  water,  trapped  therein 
may  be  compressed  upon  movement  of  actuating 
piston  46  downward  from  its  first  position  illustrated 
in  FIG.  2A  to  its  second  position  corresponding  to 
the  open  position  of  ball  valve  32,  sufficiently  to  ac- 
comodate  the  volume  of  displacement  of  the  actuat- 
ing  piston  46  as  the  actuating  piston  46  moves  be- 
tween  its  said  first  and  second  positions. 

The  volume  of  displacement  of  actuating  piston 
46  is  determined  by  multiplying  the  annular  area  de- 
fined  between  seals  1  00  and  1  05  by  the  extent  of  lon- 
gitudinal  stroke  of  actuating  piston  46. 

The  apparatus  12  has  a  bypass  passage  means 
190  for  allowing  well  fluid  to  flow  through  the  appara- 
tus  10  as  it  is  lowered  into  the  well  bore  to  prevent  a 
swabbing  action  by  the  upper  packer  means  48. 

Bypass  passage  means  190  includes  upper  by- 
pass  ports  192  disposed  through  outer  bypass 
housing  section  72,  annular  cavity  194  defined  be- 
tween  enlarged  diameter  portion  144  of  inner  by- 
pass  housing  section  82  and  an  inner  cylindrical 
surface  196  of  outer  bypass  housing  section  72, 
and  bypass  valve  ports  198  disposed  radially 
through  enlarged  diameter  portion  144  of  inner  by- 
pass  housing  section  82  to  communicate  annular 
space  194  with  the  annular  space  146  of  compres- 
sion  passage  means  88.  The  compression  passage 

means  88  then  communicates  bypass  passage 
means  190  with  the  outer  surface  93  of  lower  third 
housing  portion  56  as  seen  in  FIG.  2B  thus  provid- 
ing  communication  from  below  upper  packer  means 

5  48  to  above  upper  packer  means  48  through  the  ap- 
paratus^.  

Enlarged  diameter  portion  144  of  inner  bypass 
housing  section  82  includes  a  radially  outward  ex- 
tending  flange  portion  200  closely  slidingly  received 

10  within  inner  cylindrical  surface  196  of  outer  bypass 
housing  section  72  with  a  resilient  seal  being  provid- 
ed  therebetween  by  resilient  sliding  O-ring  202. 

The  lower  end  of  inner  bypass  housing  section  82 
is  closely  and  slidingiy  received  within  the  inner  cy- 

15  lindrical  surface  152  of  outer  bypass  housing  sec- 
tion  72  with  a  seal  being  provided  therebetween  by 
resilient  O-ring  seal  206. 

The  inner  bypass  housing  section  82  of  first  up- 
per  housing  portion  52  is  telescopingly  received 

20  within  the  outer  bypass  housing  section  82  of  upper 
second  housing  portion  54.  An  uppermost  seal  is 
provided  therebetween  by  O-ring  207.  The  upper 
first  and  second  housing  portions  52  and  54  are 
shown  in  FIGS.  2A-2B  in  their  telescopingly  extend- 

25  ed  position  wherein  the  bypass  passage  means  190 
is  open.  This  is  the  position  held  as  the  tool  is  run  in- 
to  the  well. 

After  the  apparatus  12  has  been  lowered  into  its 
desired  final  position  within  the  well,  and  when 

30  weight  is  subsequently  slacked  off  on  the  tubing 
string  14  to  set  the  upper  and  lower  packers  48  and 
20,  the  inner  bypass  housing  section  82  and  outer 
bypass  housing  section  72  telescope  together  so 
that  a  downward  facing  shoulder  208  of  inner  by- 

35  pass  housing  section  82  then  abuts  an  upper  end 
210  of  outer  bypass  housing  section  72  as  schemati- 
cally  shown  in  FIG.  1. 

When  the  inner  bypass  housing  section  82  moves 
downward  relative  to  outer  bypass  housing  section 

40  72,  the  bypass  valve  ports  198  move  below  O-ring 
seal  206  thus  closing  the  bypass  passage  means 
190. 

As  the  apparatus  12  is  being  lowered  into  the  well, 
it  is  necessary  to  prevent  premature  closing  of  the 

45  bypass  passage  means  1  90.  This  is  accomplished  by 
a  time  delay  piston  212  which  is  operably  associated 
with  inner  bypass  housing  section  82  and  is  closely 
slidingly  received  within  an  inner  bore  214  of  outer 
bypass  housing  section  72  with  a  seal  being  provid- 

50  ed  therebetween  by  resilient  sliding  O-ring  piston 
seal  216. 

Time  delay  piston  212  has  a  metering  orifice  218 
disposed  therethrough.  Metering  orifice  218  commu- 
nicates  an  upper  annular  metering  chamber  220  with 

55  a  lower  annular  metering  chamber  222. 
Upper  metering  chamber  220  is  defined  between 

inner  and  outer  bypass  housing  sections  82  and  72 
above  time  delay  piston  212,  and  lower  metering 
chamber  222  is  defined  between  inner  and  outer  by- 

60  pass  housing  sections  82  and  72  below  time  delay 
piston  212. 

The  upper  and  lower  metering  chambers  220  and 
222  are  filled  with  a  suitable  metering  fluid  such  as 
oil. 

65  The  upper  end  of  upper  metering  chamber  220  is 
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defined  by  a  second  annular  floating  piston  224 
which  is  slidably  received  within  an  annular  space 
226  defined  between  inner  and  outer  bypass  hous- 
ing  sections  82  and  72.  Piston  224  includes  inner 
and  outer  seals  228  and  230,  respectively,  sealing 
against  inner  and  outer  bypass  housing  sections  82 
and  72,  respectively. 

A  portion  of  annular  space  226  above  floating 
piston  224  is  communicated  through  radial  ports  232 
and  234  with  the  upper  well  annulus  portion  182. 

A  longitudinally  upwardmost  position  of  inner  by- 
pass  housing  section  82  relative  to  outer  bypass 
housing  section  72  is  defined  by  engagement  of  time 
delay  piston  212  with  a  radially  inward  extending 
flange  236  of  outer  bypass  housing  section  72. 

A  lower  extremity  of  lower  metering  chamber  222 
is  defined  by  a  resilient  O-ring  seal  238  sealing  be- 
tween  inner  bypass  housing  section  82  and  an  inner 
bore  239  on  flange  236  of  outer  bypass  housing 
section  72. 

Thus  relative  longitudinal  movement  of  inner  by- 
pass  housing  section  82  relative  to  outer  bypass 
housing  section  72  is  impeded  by  the  retarding  ac- 
tion  of  time  delay  piston  212.  For  time  delay  piston 
212  to  move  relative  to  outer  bypass  housing  sec- 
tion  72,  metering  fluid  must  flow  through  the  meter- 
ing  orifice  218  between  the  upper  and  lower  metering 
chambers  220  and  222. 

As  previously  mentioned,  the  apparatus  12  is 
sometimes  utilized  to  inject  treatment  fluids  into  the 
subsurface  formation  26,  and  as  will  be  understood 
by  those  skilled  in  the  art,  this  sometimes  involves 
very  high  injection  pressure  substantially  exceed- 
ing  the  hydrostatic  pressure  which  would  be 
present  within  the  well  annulus. 

During  such  high  injection  pressures,  it  is  neces- 
sary  to  provide  a  means  for  preventing  these  high 
injection  pressures  which  are  present  in  the  flow 
passage  184  from  pumping  the  apparatus  12  back  to 
the  telescopingly  extended  position  of  inner  bypass 
mandrel  section  82  relative  to  outer  bypass  mandrel 
section  72.  A  pressure  balance  passage  means  240 
is  provided  for  this  purpose. 

The  pressure  balance  passage  means  240  in- 
cludes  radial  ports  242  disposed  through  second 
flow  tube  138  and  communicating  flow  passage  184 
with  an  annular  cavity  244  of  pressure  balance 
means  240.  The  annular  cavity  244  is  defined  be- 
tween  an  inner  cylindrical  surface  246  of  inner  by- 
pass  housing  section  82  and  the  outer  surface  of 
second  flow  tube  138.  The  upper  and  lower  extremi- 
ties  of  annular  cavity  244  are  defined  by  radially  in- 
ward  extending  flanges  248  and  250  of  inner  by- 
pass  housing  section  82,  each  of  which  is  closely 
slidingly  received  about  the  exterior  surface  of  sec- 
ond  flow  tube  138  with  sliding  seals  being  provided 
therebetween  by  resilient  O-ring  seal  means  252 
and  254,  respectively. 

Pressure  balance  passage  means  240  further  in- 
cludes  a  radial  port  256  disposed  through  enlarged 
diameter  portion  144  of  inner  bypass  housing  sec- 
tion  82  and  communicating  annular  cavity  244  with 
an  irregular  annular  cavity  258  defined  between  in- 
ner  and  outer  bypass  housing  sections  82  and  72 
above  flange  200. 

An  upper  extremity  of  irregular  annular  cavity 
258  has  a  third  annular  floating  piston  260  disposed 
therein  which  slidably  sealingly  engages  inner  and 
outer  bypass  housing  sections  82  and  72  with  seals 

5  being  provided  therebetween  by  resilient  O-ring 
seals  262  and  264,  respectively. 

An  upper  portion  of  irregular  annular  cavity  258 
above  annular  floating  piston  260  is  communicated 
by  radial  ports  266  with  upper  well  annulus  portion 

10  182. 
The  pressure  balance  passage  means  240  func- 

tions  in  the  following  manner. 
After  the  inner  bypass  housing  section  82  has 

been  moved  longitudinally  downward  relative  to  out- 
15  er  bypass  housing  section  72  until  shoulder  208 

abuts  upper  end  210  of  outer  bypass  housing  sec- 
tion  72,  so  as  to  close  bypass  passage  means  190, 
the  internal  pressure  from  within  flow  passage  184 
is  communicated  through  ports  242,  annular  cavity 

20  244  and  ports  256  of  pressure  balance  passage 
means  240  so  that  said  internal  pressure  from  flow 
passage  184  acts  downwardly  on  an  annular  area  of 
inner  bypass  housing  section  82  defined  between 
seals  202  and  262. 

25  Thus,  high  fluid  injection  pressures  within  the 
flow  passage  184  will  act  downwardly  on  inner  by- 
pass  housing  section  82  thus  holding  the  bypass 
passage  means  190  closed. 

Referring  now  both  to  FIG.  1  and  to  FIGS.  2A-2B, 
30  the  method  of  operating  the  downhole  tool  string  10 

will  now  be  described. 
First,  the  well  test  string  10  is  made  up  by  con- 

necting  the  well  tester  valve  apparatus  12  to  the  low- 
er  end  of  tubing  string  14,  and  connecting  the  spac- 

35  er  tubing  16,  lower  packer  means  18  and  perforated 
tail  pipe  30  to  the  lower  end  of  well  tester  valve  ap- 
paratus  12. 

Then,  the  well  test  string  10  is  lowered  into  place 
within  the  well  until  it  reaches  the  desired  location 

40  wherein  the  packing  element  20  of  lower  packer 
means  18  is  located  just  above  the  upper  extremity 
of  the  subsurface  formation  26  to  be  tested  or 
treated. 

As  the  apparatus  10  is  being  lowered  into  the  well, 
45  the  ball  valve  34  thereof  is  in  its  first  closed  posi- 

tion  as  illustrated  in  FIG.  2A. 
Also,  as  the  apparatus  12  is  being  lowered  into 

the  well,  the  bypass  passage  means  190  is  open. 
Premature  closure  of  the  bypass  passage  means 

50  190  due  to  temporary  compressional  forces  across 
the  apparatus  12  created  by  obstructions  and  the 
like  which  might  be  encountered  as  the  apparatus  is 
lowered  into  the  well  is  prevented  due  to  the  action 
of  time  delay  piston  21  2. 

55  Also,  as  the  apparatus  12  is  lowered  into  the  well, 
hydrostatic  well  annulus  pressure  is  balanced 
across  the  actuating  piston  46  since  both  the  power 
passage  means  176  and  the  compression  passage 
means  88  are  communicated  with  a  common  portion 

60  of  the  well  annulus,  since  the  upper  packer  means 
48  is  in  a  contracted  position. 

After  the  apparatus  12  is  located  in  its  desired  po- 
sition  within  the  well  bore  with  the  packing  element 
20  of  lower  packing  means  1  8  immediately  above  the 

65  upper  extremity  of  the  subsurface  formation  26, 
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operating  conditions  the  volume  of  trapped  drilling 
mud  or  water  can  compress  by  an  amount  at  least  as 
great  as  the  displacement  of  actuating  piston  46. 
The  relevant  operating  conditions  which  determine 

5  the  required  volume  include  initial  trapped  pres- 
sure,  operating  temperature,  and  operating  pres- 
sure  differential  applied  across  the  actuating  piston 
46. 

For  example,  it  has  been  determined  that  for  an 
10  actuating  piston  displacement  of  14.69  cubic  inches 

(0.24  dm3),  the  volume  of  the  sealed  well  annulus 
zone  50  should  be  at  least  approximately  9000  cubic 
inches  (147.6  dm3).  This  volume  for  the  sealed  well 
annulus  zone  50  is  accomplished  with  the  well  casing 

15  24  having  an  internal  diameter  of  6.094  inches 
(15.5  cm),  and  the  spacer  tubing  16  having  an  exter- 
nal  diameter  of  4.5  inches  (11.4  cm),  by  providing  a 
longitudinal  spacing  between  upper  and  lower  pack- 
er  means  48  and  20  of  at  least  approximately  60  feet 

20  (18.3  m). 
With  those  parameters,  the  well  test  string  10  can 

operate  at  a  depth  of  approximately  15,000  feet 
(4570  m)  at  an  initial  hydrostatic  pressure  of  ap- 
proximately  13,000  psi  (89.6  MPa)  with  an  operating 

25  pressure  differential  across  the  actuating  piston 
46  of  approximately  1500  psi  (10.3  MPa)  in  a  well 
having  a  well  fluid  operating  temperature  in  a  range 
of  about  300°-375°  F  (149-1  91  °C). 

As  wiii  be  understood  by  those  skilled  in  the  art, 
30  the  required  volume  of  the  sealed  well  annulus  zone 

50  can  be  calculated  based  upon  the  compressibility 
factor  for  the  appropriate  well  fluid  at  the  appropri- 
ate  initial  hydrostatic  pressure,  operating  tempera- 
ture  and  operating  pressure  differential.  This  com- 

35  pressibility  factor  varies  with  each  well  fluid,  and 
varies  with  temperature  and  pressure. 

After  the  test  or  treatment  of  the  subsurface  for- 
mation  26  is  completed,  the  high  pressure  previous- 
ly  placed  on  upper  well  annulus  portion  182  is  re- 

40  leased  so  that  upper  well  annulus  portion  182  re- 
turns  to  hydrostatic  pressure,  and  then  the  higher 
pressure  trapped  within  the  sealed  well  annulus 
zone  50  causes  the  well  fluid  in  sealed  well  annulus 
zone  50  and  compression  passage  88  to  once  again 

45  expand  and  push  the  actuating  piston  46  upward  rel- 
ative  to  housing  32  to  its  first  position  as  illustrated 
in  FIG.  2A  corresponding  to  the  closed  position  of 
ball  valve  34. 

The  coil  compression  spring  126  aids  in  moving 
50  the  actuating  piston  146  back  upward  to  its  first  po- 

sition,  and  the  coil  spring  126  provides  a  safety  fac- 
tor  in  that  it  is  designed  to  be  strong  enough  to  re- 
turn  the  actuating  piston  46  to  its  first  position  even 
if  pressure  within  the  sealed  well  annulus  zone  50 

55  were  to  be  lost. 
After  the  ball  valve  34  is  re-closed,  the  upper 

and  lower  packers  48  and  20  are  released  by  pick- 
ing  up  and  rotating  the  tubing  string  14. 

60  Claims 

1.  A  downhole  tool  comprising:  a  housing  (32);  an 
operating  element  (34)  disposed  in  said  housing;  an 
actuating  piston  means  (46)  disposed  in  said  hous- 

65  ing,  said  actuating  piston  means  being  operably  as- 

weight  is  picked  up  from  the  tubing  string  14  and 
then  right-hand  torque  is  applied  to  the  tubing  string 
14  and  weight  is  slacked  off  on  the  tubing  string  14 
to  set  the  lower  packer  18.  This  rotation  and  recipro- 
cation  of  the  tubing  string  14  accomplishes  several 
functions.  It  causes  the  packing  element  20  of  lower 
packer  means  18  to  be  expanded  to  seal  against  the 
well  bore  22  as  illustrated  in  FIG.  1  .  When  weight  is 
slacked  off  on  the  tubing  string  18,  it  also  closes  the 
bypass  passage  means  190  of  the  apparatus  12  and 
then  the  upper  packer  means  48  is  longitudinally 
compressed  between  shoulders  68  and  70  of  lower 
third  housing  portion  56  and  upper  second  housing 
portion  54,  respectively,  so  that  upper  packer 
means  48  is  also  expanded  to  seal  against  the  well 
bore  as  shown  in  FIG.  1  . 

The  upper  and  lower  packer  means  48  and  20  de- 
fine  the  sealed  well  annulus  zone  50  therebetween. 

The  sealed  well  annulus  zone  50  is  communicated 
with  the  low  pressure  side  90  of  actuating  piston  46 
through  the  compression  passage  means  88. 

Then,  well  annulus  pressure  in  the  upper  well  an- 
nulus  portion  182  is  increased  by  a  pump  located  at 
the  surface  (not  shown)  of  the  well  and  that  in- 
creased  pressure,  which  may  be  referred  to  as  an 
actuating  pressure,  is  applied  to  the  high  pressure 
side  178  of  actuating  piston  46  through  the  power 
passage  means  176. 

Then,  the  actuating  piston  46  moves  downward 
relative  to  housing  32  in  response  to  the  difference 
between  the  actuating  pressure  in  upper  well  annu- 
lus  portion  182  and  the  trapped  well  fluid  pressure 
within  sealed  well  annulus  zone  50,  thereby  opening 
the  ball  valve  34. 

The  pressure  trapped  within  sealed  well  annuius 
zone  50  between  upper  and  lower  packer  means  48 
and  20  is  initially  equal  to  the  hydrostatic  annulus 
pressure  at  the  corresponding  elevation  prior  to 
the  time  the  upper  and  lower  packer  means  48  and 
20  were  set.  This  trapped  pressure  within  sealed 
well  annulus  zone  50  provides  a  reference  pres- 
sure  which  must  be  overcome  by  the  increased 
pressure  in  upper  well  annulus  portion  182  to  oper- 
ate  the  actuating  piston  46. 

As  the  actuating  piston  46  moves  downward  with- 
in  the  housing  32,  it  displaces  a  volume  of  fluid  and 
compresses  the  well  fluid  trapped  within  compres- 
sion  passage  means  88  and  the  sealed  well  annulus 
zone  50,  thus  storing  the  fluid  compression  a  por- 
tion  of  the  energy  applied  to  the  actuating  piston  46 
to  move  the  actuating  piston  46. 

The  well  fluid  contained  within  compression  pas- 
sage  means  88  and  sealed  well  annulus  zone  50  is 
generally  either  drilling  mud  or  water,  both  of  which 
have  a  very  similar  compressibility  factor. 

Although  drilling  mud  and  water  are  often  re- 
ferred  to  as  being  incompressible,  they  are  com- 
pressible  to  some  extent  as  will  be  understood  by 
those  skilled  in  the  art. 

In  order  to  provide  the  appropriate  volume 
change  necessary  to  allow  the  actuating  piston  46 
to  move  downward,  it  is  necessary  that  the  volume 
of  fluid  contained  within  the  compression  passage 
88  and  particularly  within  the  sealed  well  annulus 
zone  50  be  large  enough  that  under  the  particular 
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sociated  with  said  operating  element  so  that  said  op- 
erating  element  is  operated  in  response  to  move- 
ment  of  said  actuating  piston  means  relative  to  said 
housing;  characterised  by  packer  means  (48),  dis- 
posed  about  said  housing,  for  sealing  between  said 
housing  and  a  well  bore  and  for  thereby  at  least  par- 
tially  defining  a  sealed  well  annulus  zone  (50)  exter- 
nal  of  said  housing;  and  compression  passage 
means  (88),  disposed  through  said  housing,  for  com- 
municating  a  first  side  (90)  of  said  actuating  piston 
means  with  said  sealed  well  annulus  zone  exterior  of 
said  housing. 

2.  A  tool  according  to  claim  1,  which  further  in- 
cludes  a  power  passage  means  (176),  disposed 
through  said  housing,  for  communicating  a  second 
side  (178)  of  said  actuating  piston  means  with  an  up- 
per  exterior  surface  (180)  of  said  housing  above 
said  packer  means  and  thus  with  an  upper  well  annu- 
lus  portion  (182)  defined  between  said  housing  and 
said  well  bore  above  said  packer  means,  so  that 
said  actuating  piston  means  is  moved  relative  to 
said  housing  in  response  to  changes  in  pressure  in 
said  upper  well  annulus  portion  relative  to  pressure 
in  said  sealed  well  annulus  zone. 

3.  A  tool  according  to  claim  1  or  2,  wherein  said 
compression  passage  means  communicates  said 
first  side  of  said  actuating  piston  means  with  a  lower 
exterior  surface  (93)  of  said  housing  below  said 
packer  means  and  thus  with  said  sealed  well  annulus 
zone. 

4.  A  tool  according  to  claim  1,2  or  3,  wherein  said 
housing  includes  upper  (52,  54)  and  lower  (56)  hous- 
ing  portions  telescopingly  connected  together;  and 
said  packer  means  is  a  compression  packer  means 
located  between  a  downward  facing  shoulder  (70)  of 
said  upper  housing  portion  (54)  and  an  upward  fac- 
ing  shoulder  (68)  of  said  lower  housing  portion,  so 
that  said  packer  means  is  expanded  upon  telescop- 
ingly  collapsing  relative  motion  between  said  upper 
and  lower  housing  portions. 

5.  A  tool  according  to  claim  4,  wherein  said  hous- 
ing  includes  longitudinal  spline  means  (78,  80),  inter- 
locking  said  upper  and  lower  housing  portions,  for 
allowing  relative  longitudinal  motion  between  said  up- 
per  and  lower  housing  portions  while  preventing  rel- 
ative  rotational  motion  therebetween. 

6.  A  tool  according  to  any  of  claims  1  to  5,  where- 
in:  said  operating  element  is  a  flow  tester  valve  dis- 
posed  in  a  flow  passage  (184)  of  said  housing,  said 
flow  tester  valve  being  movable  between  a  closed 
first  position  thereof  wherein  said  flow  passage  is 
closed,  and  an  open  second  position  thereof  where- 
in  said  flow  passage  is  open. 

7.  A  tool  according  to  claim  6,  wherein  said  com- 
pression  passage  means  is  isolated  from  said  flow 
passage  of  said  housing. 

8.  A  tool  according  to  any  of  claims  1  to  7,  which 
further  comprises  mechanical  spring  biasing  means 
(126),  operably  associated  with  actuating  piston 
means  and  said  housing,  for  biasing  said  actuating 
piston  means  back  toward  a  first  position  thereof 
corresponding  to  a  first  position  of  said  operating 
element,  from  a  second  position  thereof  corre- 
sponding  to  a  second  position  of  said  operating  ele- 
ment. 

9.  A  tool  according  to  claim  8,  wherein  said  me- 
chanical  spring  biasing  means  is  a  coil  compression 
spring  disposed  between  said  first  side  of  said  actu- 
ating  piston  means  and  said  housing. 

5  10.  A  tool  according  to  claim  8,  wherein  said  me- 
chanical  spring  biasing  means  is  arranged  to  pro- 
vide  sufficient  biasing  force  to  return  said  actuat- 
ing  piston  means  to  its  first  position  without  the  as- 
sistance  of  any  biasing  force  from  well  fluid 

10  compressed  in  said  sealed  well  annuius  zone. 

Patentanspriiche 

1.  Bohrwerkzeug  bestehend  aus  einem  Gehause 
15  (32),  einem  in  diesem  Gehause  angeordneten  Be- 

triebselement  (34)  und  einem  in  diesem  Gehause  an- 
geordneten  Betatigungskolbenmittel  (46),  wobei  je- 
nes  Betatigungskolbenmittel  in  der  Weise  mit  jenem 
Betriebselement  wirkverbunden  ist,  daB  jenes  Be- 

20  triebselement  in  Reaktion  auf  eine  Bewegung  jenes 
Betatigungskolbenmittels  bezuglich  jenes  Gehauses 
betrieben  wird,  gekennzeichnet  durch  urn  dieses 
Gehause  angeordnete  Packermittel  (48),  urn  zwi- 
schen  diesem  Gehause  und  einem  Bohrloch  abzu- 

25  dichten  und  um  dadurch  mindestens  teilweise  eine 
auBerhalb  jenes  Gehauses  liegende,  abgedichtete 
Bohrlochringraumzone  (50)  festzulegen  sowie 
durch  jenes  Gehause  gehende  Kompressionsdurch- 
gange  (88),  um  eine  erste  Seite  (90)  jenes  Betati- 

30  gungskolbenmittels  mit  jener  auBerhalb  jenes  Ge- 
hauses  liegenden,  abgedichteten  Bohrlochringraum- 
zone  zu  verbinden. 

2.  Werkzeug  nach  Anspruch  1,  das  weiterhin  ei- 
nen  durch  jenes  Gehause  gehenden  Kraftdurch- 

35  gang  (176)  umfaBt,  um  eine  zweite  Seite  (178)  jenes 
Betatigungskolbenmittels  mit  einer  oberen  auBeren 
Flache  (180)  jenes  Gehauses  oberhalb  jener 
Packermittel  und  damit  mit  einem  zwischen  jenem  Ge- 
hause  und  jenem  Bohrloch  oberhalb  jener  Packer- 

40  mittel  festgelegten  oberen  Bohrlochringraumteil 
(182)  so  zu  verbinden,  daB  jenes  Betatigungskolben- 
mittel  in  Reaktion  auf  Druckveranderungen  in  jenem 
oberen  Bohrlochringraumteil  gegenuber  dem  Druck 
in  jener  abgedichteten  Bohrlochringraumzone  be- 

45  zuglich  jenes  Gehauses  bewegt  wird. 
3.  Werkzeug  nach  Anspruch  1  Oder  2,  in  dem  je- 

ner  Kompressionsdurchgang  jene  erste  Seite  jenes 
Betatigungskolbenmittels  mit  einer  unteren  auBeren 
Flache  (93)  jenes  Gehauses  unterhalb  jener 

50  Packermittel  und  damit  mit  jener  abgedichteten  Bohr- 
lochringraumzone  verbindet. 

4.  Werkzeug  nach  Anspruch  1  ,  2  oder  3,  in  dem 
jenes  Gehause  teleskopartig  miteinander  verbunde- 
ne  obere  (52,  54)  und  untere  (56)  Gehauseteile  um- 

55  faBt,  und  jene  Packermittel  zwischen  einer  nach  un- 
ten  weisenden  Schulter  (70)  jenes  oberen  Gehause- 
teiles  (54)  und  einer  nach  oben  weisenden  Schulter 
(68)  jenes  unteren  Gehauseteiles  derart  gelegene 
Kompressionspackermittel  sind,  daB  sich  jene 

60  Packermittel  bei  einer  teleskopartig  zusammenge- 
henden,  relativen  Bewegung  zwischen  jenem  obe- 
ren  und  unteren  Gehauseteil  ausdehnen. 

5.  Werkzeug  nach  Anspruch  4,  in  dem  jenes  Ge- 
hause  Langskeilnuten  (78,  80)  umfaBt,  die  jenen 

65  oberen  und  unteren  Gehauseteil  verriegeln,  so  daB 
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relative  Langsbewegung  zwischen  jenem  oberen 
und  unteren  Gehauseteil  gestattet  und  relative 
Drehbewegung  zwischen  diesen  verhindert  wird. 

6.  Werkzeug  nach  einem  der  Anspruche  1  bis  5, 
in  dem  jenes  Betriebselement  ein  in  einem  Stro- 
mungsdurchgang  (184)  jenes  Gehauses  angeordne- 
tes  Stromungsprufventil  ist,  wobei  jenes  Stro- 
mungsprufventil  zwischen  einer  geschlossenen  er- 
sten  Position,  in  der  der  Stromungsdurchgang 
geschlossen  ist,  und  einer  offenen  zweiten  Positi- 
on,  in  der  der  Stromungsdurchgang  often  ist,  be- 
wegt  werden  kann. 

7.  Werkzeug  nach  Anspruch  6,  in  dem  jener  Kom- 
pressionsdurchgang  von  jenem  Stromungsdurch- 
gang  jenes  Gehauses  isoliert  ist 

8.  Werkzeug  nach  einem  der  Anspruche  1  bis  7, 
das  weiterhin  mechanische  Federvorspannmittel 
(126)  umfaBt,  die  mit  dem  Betatigungskolbenmittel 
und  jenem  Gehause  wirkverbunden  sind,  um  jenes 
Betatigungskolbenmittel  von  seiner  zweiten,  einer 
zweiten  Position  jenes  Betriebselementes  entspre- 
chenden  Position  zuruck  zu  seiner  ersten,  einer  er- 
sten  Position  jenes  Betriebselementes  entsprechen- 
den  Position  vorzuspannen. 

9.  Werkzeug  nach  Anspruch  8,  in  dem  es  sich  bei 
jenem  mechanischen  Federvorspannmittel  um  eine 
zwischen  der  ersten  Seite  des  Betatigungskolben- 
mittels  und  dem  Gehause  angeordnete  Schrauben- 
kompressionsfeder  handelt. 

10.  Werkzeug  nach  Anspruch  8,  in  dem  das  me- 
chanische  Federvorspannmittel  so  angeordnet  ist, 
daB  genugend  Vorspannkraft  aufgebracht  wird,  um 
jenes  Betatigungskolbenmittel  ohne  Zuhiifenahme 
von  Vorspannkraft  aus  in  jener  abgedichteten 
Bohrlochringraumzone  komprimiertem  Bohrlochfluid 
in  seine  erste  Position  zuruckzubringen. 

Revendications 

1  .  Outil  de  fond  de  puits,  comprenant:  une  enve- 
loppe  (32);  un  organe  de  commande  (34)  loge  dans 
iadite  enveloppe;  des  moyens  de  piston  d'actionne- 
ment  (46)  loges  dans  Iadite  enveloppe,  lesdits 
moyens  de  piston  d'actionnement  etant  activement 
associes  audit  organe  de  commande  de  telle  fagon 
que  ledit  organe  de  commande  soit  mis  en  action  en 
reponse  a  un  mouvement  desdits  moyens  de  piston 
d'actionnement  par  rapport  a  Iadite  enveloppe;  ca- 
racterise  par  des  moyens  d'etancheite  (48)  dispo- 
ses  autour  de  Iadite  enveloppe  pour  former  un  joint 
6tanche  entre  Iadite  enveloppe  et  un  puits  de  fora- 
ge  et  pour  definir  ainsi,  au  moins  partiellement,  une 
zone  annulaire  (50)  hermetiquement  close  du  puits  a 
I'exterieur  de  Iadite  enveloppe;  et  des  moyens  de 
passage  de  compression  (88),  menages  a  travers 
Iadite  enveloppe,  pour  faire  communiquer  un  pre- 
mier  cote  (90)  desdits  moyens  de  piston  d'actionne- 
ment  avec  iadite  zone  annulaire  hermetiquement 
close  du  puits,  a  I'exterieur  de  Iadite  enveloppe. 

2.  Outil  suivant  la  revendication  1,  qui  comporte 
en  outre  des  moyens  de  passage  de  fluide  moteur 
(176)  menages  a  travers  Iadite  enveloppe,  pour  fai- 
re  communiquer  un  second  cote  (178)  desdits 
moyens  de  piston  d'actionnement  avec  une  surface 
exterieure  superieure  (180)  de  Iadite  enveloppe  au- 

dessus  desdits  moyens  d'6tancheite  et  done  avec 
une  portion  annulaire  superieure  (182)  du  puits  defi- 
nie  entre  Iadite  enveloppe  et  ledit  puits  de  forage 
au-dessus  desdits  moyens  d'etancheite,  de  sorte 

5  que  lesdits  moyens  de  piston  d'actionnement  sont 
mis  en  mouvement  par  rapport  a  Iadite  enveloppe  en 
reponse  a  des  changements  de  la  pression  dans  Ia- 
dite  portion  annulaire  superieure  du  puits  par  rap- 
port  a  la  pression  dans  Iadite  zone  annulaire  herme- 

10  tiquement  close  du  puits. 
3.  Outii  suivant  la  revendication  2,  dans  lequel 

lesdits  moyens  de  passage  de  compression  font 
communiquer  ledit  premier  cote  desdits  moyens  de 
piston  d'actionnement  avec  une  surface  exterieure 

15  inferieure  (93)  de  Iadite  enveloppe  en  dessous  des- 
dits  moyens  d'etancheite  et  done  avec  Iadite  zone 
annulaire  hermetiquement  close  du  puits. 

4.  Outil  suivant  la  revendication  1,  2  ou  3,  dans  le- 
quel  Iadite  enveloppe  comprend  des  portions  d'en- 

20  veloppe  superieure  (52,  54)  et  inferieure  (56)  asem- 
blees  de  maniere  telescopique;  et  lesdits  moyens 
d'etancheite  sont  des  moyens  d'etancheite  de  com- 
pression  disposes  entre  un  epaulement  (70)  tourne 
vers  le  bas  de  Iadite  portion  d'enveloppe  superieu- 

25  re  (54)  et  un  epaulement  (68)  tourne  vers  le  haut  de 
Iadite  portion  d'enveloppe  inferieure,  de  sorte  que 
lesdits  moyens  d'etancheite  sont  dilates  lors  d'un 
mouvement  relatif  de  contraction  telescopique  en- 
tre  lesdits  portions  d'enveloppe  superieure  et  infe- 

30  rieure. 
5.  Outil  suivant  la  revendication  4,  dans  lequel  Ia- 

dite  enveloppe  comporte  des  moyens  longitudinaux 
de  calage  (78,  80)  verrouillant  I'une  a  I'autre  lesdits 
portions  d'enveloppe  superieure  et  inferieure,  pour 

35  permettre  un  mouvement  longitudinal  relatif  entre 
lesdites  portions  d'enveloppe  superieure  et  infe- 
rieure  tout  en  empechant  un  mouvement  de  rotation 
relatif  entre  eiies. 

6.  Outil  suivant  I'une  ou  I'autre  des  revendica- 
40  tions  1  a  5,  dans  lequel  ledit  organe  de  commande  est 

une  vanne  de  controle  d'ecoulement  disposee  dans 
un  passage  d'ecoulement  (184)  de  Iadite  enveloppe, 
Iadite  vanne  de  controle  d'ecoulement  etant  mobile 
entre  une  premiere  position  fermee  dans  laquelle  le 

45  passage  d'ecoulement  est  ferme  et  une  seconde  po- 
sition  ouverte  dans  laquelle  le  passage  d'ecoule- 
ment  est  ouvert. 

7.  Outil  suivant  la  revendication  6,  dans  lequel 
lesdits  moyens  de  passage  de  compression  sont  iso- 

50  les  dudit  passage  d'ecoulement  de  Iadite  enveloppe. 
6.  Outil  suivant  I'une  ou  I'autre  des  revendica- 

tions  1  a  7,  qui  comporte  en  outre  des  moyens  meca- 
niques  de  poussee  elastique  (126),  activement  cou- 
ples  aux  moyens  de  piston  d'actionnement  et  a  Iadite 

55  enveloppe,  pour  pousser  lesdits  moyens  de  piston 
d'actionnement  vers  I'arriere  en  direction  d'une  pre- 
miere  position  de  ceux-ci  qui  correspond  a  une  pre- 
miere  position  dudit  organe  de  commande,  a  partir 
d'une  seconde  position  de  ceux-ci  qui  correspond  a 

60  une  seconde  position  dudit  organe  de  commande. 
9.  Outil  suivant  la  revendication  8,  dans  lequel 

lesdits  moyens  mecaniques  de  poussee  elastique 
sont  constitues  par  un  ressort  helicoidal  comprime 
dispose  entre  ledit  premier  cote  desdits  moyens  de 

65  piston  d'actionnement  et  Iadite  enveloppe. 
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10.  Outil  suivant  la  revendication  8,  dans  lequel 
lesdits  moyens  mecaniques  de  pouss§e  elastique 
sont  agences  de  fagon  a  produire  une  force  de 
poussee  suffisante  pour  ramener  lesdits  moyens  de 
piston  d'actionnement  dans  leur  premiere  position 
sans  I'aide  d'une  quelconque  force  proyenant  du 
fluide  comprime  du  puits  dans  ladite  zone  annulaire 
hermetiquement  close  du  puits. 
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